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Art. VIIL.—TZhe Earth a Magnetic Shell; by Frank H. 
BIGELOW. 


[Communicated by permission of the Chief of the Weather Bureau. | 


THE working hypothesis, upon which my research into the 
modes of the transference of energy from the sun to the earth 
has been conducted, includes the electro-magnetic radiation 
along the ecliptic, and the magnetic radiation at right angles to 
the ecliptic, near the earth. There are evidently three princi- 
pal branches to the problem, (1) the vectors of the electro- 
magnetic field at the earth, (2) the vectors of the magnetic 
field at the earth, (3) the transformation of these ether vibra- 
tions in the atmosphere into heat, electricity and mechanical 
forces. In previous papers, the vectors of the electro-magnetic 
field have been given, some important relations in the trans- 
formation of the magnetic field into heat have been shown and 
the nature of a number of subordinate problems developed. 

In this paper it is proposed to give the vectors of the polar 
magnetic field at the earth, together with certain deductions 
suggested by the same. It is most important to exhibit in 
detail the stream lines of this cosmical magnetic field emitted 
by the sun, at the earth, because the theory of a magnetic radi- 
ation from the sun is so novel to science, that its existence may 
have seemed purely hypothetical to many who have not 
attempted to study the same in its individual effects. If the 
several sets of phenomena attributed to it, namely the aurora, 
magnetic disturbances, earth currents, and meteorological peri- 
odie variations, actually have their seat in this cause, then it is 
clear that a definite system of forces, well adapted to produce 
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such effects, must be found in the observations. The labor of 
computing the observations has heretofore delayed the produc- 
tion of such facts as will establish the existence of the polar 
field, to whose agency these important scientific conclusions 
have been attributed. 

The following schematic figure may assist to a clear concep- 
tion of the general relations that apparently exist in the space 
surrounding the sun, at least to the distance of the earth. The 


Fig. 1. 


Schematic Figure of the Electro-magnetic and Magnetic Fields between the Sun 
and the Earth. 


electro-magnetic field E radiates from the sun in all directions 
in straight lines, some of those near the ecliptic falling upon 
the earth; the magnetic field M fills all spaces with curved 
lines, the tube emanating from the polar regions of the sun, 
at 44° from its magnetic pole, falling upon the polar regions of 
the earth. The magnetic field at the earth has therefore three 
components, the so-called permanent magnetism, the field E 
and the field M. In Bulletin No. 2, U.S. Weather Bureau, 
1892, “ Notes on a New Method for the Discussion of Magnetic 
Observations,” my process for the separation of these three 
components was fully described and illustrated, the same having 
been used in all branches of the problem. It has also been 
shown that the visible coronal lines are other magnetic lines 
of the field M, having their bases in two belts C C about 10° 
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wide, and at the mean distance 34° from the magnetic poles’; 
that the southern pole precedes the northern by about 102° ; 
that the synodie rotation period of the sun is 26°68 days, cor- 
responding to the equator, and not tosome mean-value derived 
from the angular velocity of the sun spots in latitudes 12° to 
15° 

There is one more suggestion, not heretofore advanced, to 
be derived from this magnetic system of the sun, namely, 
regarding the trumpet -shaped extensions of the outer corona, 
discovered by Professor Holden, in some photographs of Janu- 
ary, 1889. If we adopt J. J. Thomson’s language regarding 
the formation of a magnetic field by the motion of positive and 
negative Faraday tubes along the corresponding equipotential 
surfaces (see Recent Researches in Electricity and Magnetism, 
pp. 28-33), we have two possible conditions: (1) If the tubes 
move on the equipotential surfaces in circles about the axis 
of the magnetic sphere, then a mechanical force will be gen- 
erated along the curved lines produced by a meridianal section 
of the equipotential system as T T; (2) if the Faraday 
tubes move along the sections T T then the mechanical 
force will be circuital about the axis. The former type is 
more probable. If this magnetic field is radiating, then the 
electric and the pressure systems are necessary attendants, 
and we shall have such extensive curved radiating lines T T 
as will dispose matter in space in the tubular forms displayed 
in the coronal extensions, and also probably in the two 
branches of the disks of the zodiacal light. At the earth the 
vectors of the electro-magnetic field have been briefly de- 
scribed* as derived from 30 stations. The following diagram 
was made from a photograph of my 30-inch globe model, 
looking directly down upon the north magnetic pole. About 
half the stations are omitted in the drawing to avoid confusion 
of the vector lines. The polar zone and mid-latitude zone are 
seen with their characteristic systems. The trace of tangency 
of the sheet at 8.30 a.m., through the pole, and back along the 
circle of division to 2.30 p.m., and the trace of zero deflection 
in declination at 10.30 a.m., are shown by dotted lines. From 
these vectors, and their variations, are derived the motions of 
the needle in the diurnal and annual periods, these impressed 
forces causing the observed deflections of the normal terres- 
trial magnetic field. These vectors were eliminated from the 
tabulations of observed magnetic forces in absolute measure by 
discussing the hourly variations on the monthly means. 
Besides such impressed forces, it is evident by an inspection of 
the record, that there is also the system of deflecting forces to 


* Astron. and Astrophysics, Oct., 1893. 
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be obtained by treating the variations of the daily means on 
the monthly mean. It is the principal object of this paper to 
show the result of the detailed computation carried out for 26 
stations, whose cause has been attributed to the polar magnetic 
field from the sun. 


Fig. 2. 
Midnight 


/ 


‘Ohm, 


Deflecting forces of the Equatorial Electro-magnetic Field, North Magnetic 
Hemisphere. 


The elimination of the polar field from the permanent and 
the electro-magnetic fields consists in taking the variations of 
the daily means of the 24 hourly observations on the mean for 
the months. This gives the three rectangular codrdinates 4 H, 
4D, 4 V, of the impressed vector that disturbs the mean from 
day to day. These values, as they appear in the volumes, are 
transformed into C. G. 8. units of the fifth decimal place dz, 
dy, dz; finally the equivalent polar codrdinates are computed, 
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so that we have s. a. a. 8. the total vector in magnitude, its 
horizontal component, the angle with the horizon, and the 
angle with the magnetic meridian, respectively. Only such 
stations could be used as have published reports of hourly 
observations for about a year, in all three of the magnetic ele- 
ments. This involves about 225,000 individual observations 
and reductions for each element, together with more than 9000 
transformations from rectangular to polar codrdinates. 

The results for each station were divided into two groups 
according to the azimuth 8, all between 90° and 270° in one 
group, and all between 270° and 90° in the other group. Thus 
all the vectors pointing south magnetically, and all those point- 
ing north, are given by themselves. The means are taken by 
26°68 day periods, in scme cases by months before the year 
1875, and finally the mean of these periodic means, the result 
being contained in the following table. 


SUMMARY OF SoUTH AND NortH VECTORS. 
South. 
Long. Lat. Mag. Lat. Year. B a s 
hm 


1 Kingua Fjord. 429W. +666 7752 1882-3 161+ 5 
2 Fort Rae. 743 W. +62°6 76 2 1882-3 190+ 
3 Point Barrow. 10 26W. +713 73 8 1882-3 180— 6 
4 Cap Thordsen. —1 3E. +785 71 4 1882-3 186—14 
5 Jan Mayen. 033 W. +71°0 68 49 1882-3 1380+10 
6 Bossekop. —136E. +70°0 6425 1882-3 188+14 
7 Toronto. 517W. +43°6 6214 1847 176—28 
8 Sodankyla. -146E. +67°4 6124 1882-3 184+ 5 
9 Washington. 5 8W. +389 55 34 1890 179+19 
10 Pawlowsk. —2 2E. 55 3 1882-3 196+10 
ll Greenwich. 0 0 +515 50 24 1887 175— 6 
12 Pare St. Maur. —0 9E. +48°8 4717 1884 1i7+ 2 
13 Vienna. —1 5E. +482 4447 1882-3 178+ 5 
14 Pola. —055E. +449 4143 1892 183+14 
15 Los Angeles. +753 W. +34°0 40 20 1883 181+10 
16 Tiflis. —259 KE, +41°7 36 7 1882-3 182+ 
17 Zi-ka-wei. —8 6E. +31:2 2737 1882 187-— 
18 Bombay —451E. +189 953 1863 182+ 
19 Madras, —521E. +131 350 1855 185+ 
20 Singapore. —655E. + 13 — 625 1845 182— 
St. Helena. 023W. —15°9 —1112 1843 178—10 
Batavia. —7 TE. — 62 —15 8 1890 182+13 
Siid Georgien. 224W. —54:9 —2948 1882-3 187+26 
24 Cape Horn. 441 W. —556 -—3329 1882-3 176— 2 
25 Cape Good Hope. —116E. —33°9 —33 54 1842 185 +16 
26 Hobarton, —950E. —42°99 —5450 1842 176 +22 


“3 


3 6 
45 27 337— 37 23 
16 30 5 39 22 
59 29 4+ 55 29 
62 28 6+ 50 23 
54 29 4— 44 22 
43 29 18-- 33 19 
32 18 356+2 25 11 
16 15 14— 14 12 
18 7 357 20 8 
12 10 15— 10 8 
13 9 359+ 13 9 : 
12 9 357— 11 8 
19 15 1- 20 16 
23 «16 1— 17 11 
22 12 0- 23 10 
15 12 13- 13 11 
42 32 351+ 33 23 
36 20 3— 33 16 
13 11 349— 12 10 
14 ll 359— 12 10 i 
17 9 349— 17 8 
16 8 1—12 16 9 
52 20 8—17 47 15 
15 13 6+ 4 13 10 
19 11 353— 3 16 11 
26 15 0—27 22 13 
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The table gives the stations, their geographical position, the 
equivalent magnetic latitude, the year of the observations com- 
puted, and the group of south and north vectors. It is seen 
that the impressed vectors lie practically in the planes of the 
magnetic meridians in all latitudes, and hence approach the 
earth nearly perpendicular to the ecliptic. In the south group 
the value of a is generally positive and in the north group gen- 
erally negative: that is the vectors pointing south generally 
enter the earth, and those pointing north generally emerge 
from the earth. The earth is near the magnetic equator of the 
sun, and the mechanical pressure is sometimes greater on the 
northern and sometimes on the southern side of the ecliptic at 
the earth. The variation in pressure is shown by a certain line 
of force entering the earth at a definite angle in a given lati- 
tude, depending upon the slope of the horizontal plane at the 
station to the axis of the external field, and the material of the 
earth as compared with the ether. 

Unfortunately the accuracy of this kind of work depends 
upon the vertical force magnetometers, and these are much less 
reliable than those for the horizontal elements. Also the use 
of soft iron deflecting bars in so many of the polar expeditions 
of 1882-83 renders the observations less trustworthy. It would 
be easy enough to point out the probable source of the discrep- 
ancy of certain stations in the instruments used, but it may be 
omitted in this abstract. The angle a for a given day is due to 
many combined forces working together, and shows very con- 
siderable unsteadiness in each group from day to day, the value 
of a here given being the algebraic mean. Now it should be 
remembered that whether the angle a is plus or minus the 
values of s and o will be the same at a station, because an 
external line of force will approach the surface at a given angle 
whether above or below, on account of magnetic refraction 
in the case of the earth, as will be seen from sections that 
follow in this paper. Hence we may obtain from the mean 
angle, the general fact of entry and emergence at the surface, 


and from s and a, the value of the angle itself, cos a = -. 
8 


These computed values are then to be graphically adjusted, so 
as approximately to eliminate local irregularities and obtain a 
mean system. The values of a. a. s. are plotted as ordinates on 
an abscissa equivalent to 180°, at the point corresponding to 
the magnetic latitude of each station, and a curve passed 
through these ordinate points, so as to give equal weights to 
the stations. The following table gives * the computed values 
of the angle a and the adjusted values of the vectors for the 
south and the north groups. 
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ADOPTED VECTOR VALUES. 


Adjusted Vectors. 


Station. Computeda. Mean a. South North 
8. N. a s 


53°1 51°6 2" i 28 5: 38 
49°3 55°7 29 43 
62°0 58°2 0" 30 52 
63°2 62°6 2° 30 5$ 52 
57°5 60°0 : 5 27 49 
55°8 63°9 18 H 26 
20°3 31°0 3° 15 5 24 
671 66°4 y 12 14 
33°6 36°9 ‘ 7 13 
46°4 46°2 $ : 10 
41°7 43°3 10 
379 36°9 11 
45°6 49°7 . 3§ 12 
57°0 64°2 13 
36°9 32°2 3 $ 17 
40°4 2 32 
56°3 61°0 4 i 25 
32°23 33°6 15 
38°2 33°6 3s 11 
58°2 61:9 12 
60°0 55°8 5 15 
67°4 714 : 31 
30°0 39°7 34° 19 
54°6 46°6 . 50°6 15 
54°8 53°8 54°3 52 22 


OCH 


bobo et 
noe 


bo bo 


The only stations which differ between the computed and 
adjusted values for the angle a to any important extent, are 
Sodankyla, Washington, Los Angeles and Siid Georgien. 
Sodankyla and Siid Georgien used soft iron bars in measuring 
the vertical force and therefore have less weight. Sodankyla 
shows a vertical force nearly eight times too large, and yet the 
reduced values being published in C. G. S. units, there appears to 
be no room for doubting the method of interpreting the observa- 
tions. Los Angeles had trouble with the vertical force balance 
throughout the series at that station, only a couple of years 
being retained in their report. Washington has used an 
unsymmetrically shaped magnet, which was suspected of lack 
of sensitiveness. The four stations give values too large to 
agree with the rest of the series. These remarks apply 
only to the vertical force, as the horizontal elements are 
correct. In order to show the meaning of the vectors, they 
have been plotted on the accompanying diagram. 

The system is a magnetic meridian of the earth with the 
adjusted vectors at the surface. The notable features are the 
increased vector lengths in the polar regions and in latitudes 
10° to 35°, with diminished vectors at the poles in the middle 
latitude zones and at the equator. The angles show that an 


° 
23 54 
24 55 
24 58 
23 59 
22 60 
17 58 
13 55 
11 54 
8 48 
8 47 
7 43 : 
8 4] 
9 40 d 
9 38 
10 37 
16 37 
23 43 
15 53 
1] 36 
8 39 
7 57 { 
5 58 
23 16 47 
10 44 
9 43 
| 12 52 
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eaflected system exists around the magnetic poles, and an 
inflected system in the tropical belts. The problem before us 
is to obtain the value of the permeability or magnetic conduc- 
tivity of the earth, and the paths of the lines of force through 
the earth, that will conform to the observed external vectors. 
It will be remembered that this diagram represents the results 
of observations, without any admixture of theory or assump- 


tion of any kind. 


Fig. 3 


Vectors of the Polar Magnetic Field derived from Observation. 
H=0.00035. 


If a paramagnetic body or a diamagnetic body be plunged 
in a magnetic field of force, with the axis of magnetization, 
either permanent or induced, parallel to the direction of the 
field of force, then the following formule are applicable. 
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Compare Maxwell’s Electricity and Magnetism, vol. ii, 434, 436; Sir W. 
Thomson’s Electrostatics and Magnetism, p. 486; Sir W. Thomson’s Mathemat- 
ical and Physical Papers, vol. i, p. 35; Watson and Burberry’s Electricity and 
Magnetism, vol. ii, pp. 18-43; Paul Drude’s Physik des Aethers, pp. 36-51. 


— ted. 
u 


External Potential, Ve= 5 Ve=—R? 


3 32? 3x? 
External Force, + 7) 48 


Ye= + H 


Ye= 


Magnetization, 


R = radius of sphere; r=radius vector to point x: y. z.; = magnetization 
constant; H=magnetic force of field. 


From these can be found expressions for the potential and 
force at the surface or inside the sphere. 


For 2 = r cos 6, y = r sin 6 
The normal and tangential components are, 


F,= X cos 0+ Y sind =X 


F.——Xsin 6+ Y cos +¥=. 


From the values of Xe, Ye given above, 
M—1__ , F,sin cos 6 Inflected System. 
~ “(F,+F,)sin 0@—(F,+2F,)cos@  Exflected System. 
— (Fa +2F, )cos 6—(F,, + F,)sin 
1—8sin 6 cos 6 
provided the paths inside the surface are known 


Both systems. 


Stream Lines. 
dV dV 
Differential Equation, ae = dp = 0, 
where p is perpendicular to the axis of symmetry z. 


N Const. 


Inflected. 
N=+ OP" = = +3 Exflected. 


Inflected. 
Exflected. 


322 
7 
47 u+2R 
4 
2 
H 
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From an inspection of the diagram of the observed vectors 
it is clear that we have to deal with each system, Inflected and 
Exflected, in turn, but the following fact confronts us at the 
outset. If « be computed for the polar stations from the 
formula — the value of z=0°70. Now this would imply a 
physical condition of the material of the earth which is highly 
improbable, if # is taken as the magnetization constant of the 
substance of the interior of the earth. For in all known sub- 
stances except bismuth, # is greater than 1, and this differs 
very slightly from 1. Hence we must interpret the polar 
vectors as stream lines flowing around an obstacle in the 
interior of the earth. In other words, the outer stratum of the 
earth is permeable to the external magnetic forces, while the 
nucleus is not, that is to say, the earth 7s a magnetic shell. 

The diameter of the central nucleus can be approximately 
determined as follows: If 4 is to be taken greater than 1, its 
value from the tropical stationsis 2. The value of » for nearly 
all dielectrics is 2, and is adopted for this computation. To 
obtain H, I have taken the sum of the vectors from the pole of 
the equator, as given by the boundary drawn through the ends 
of the vectors, and distributed it uniformly, as if undisturbed 
by the earth. The result is 0°00035 C.G.S. Substituting 
these values in the formula for exflected forces 


N will have values from 0 to 8°8 and the radius of the internal 
nucleus is 0°794 R. 
For the tropical vectors y is 2, and the formula is 


N ranges to 26°3 in this case, and the value of the nucleus is 
0°794 R. The true value of the radius of the nucleus of the 
earth is about 3170 miles, of the shell 790 miles. 

The difficulty with the problem is this: the formule are 
deduced on the supposition that the lines of force inside the 
surface of the sphere pass parallel to the axis of #. In the 
case of a shell we do not know exactly the internal paths, and 
hence are at the disadvantage of having either very complex 
formule for practical solutions, or else of resorting to less 
rigorous methods. It will be proper, whenever the magnetic 
observations are sufficiently numerous and accurate to justify 


79°50” 
— 
35 
~ 3 
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35 
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the labor involved, to compute yp definitely. This implies that 
from station to station the internal axis changes its position in 
the sphere, in the passage around the shell, and while we can 
never be absolutely exact in locating it, the attempt will 
be worth making. 


Fig. 4. 


Stream Lines through a Magnetic Shell. 


If the internal paths were definitely known, the value of 
would be most simply found by the continuity of the tangen- 
tial components of the external and internal force, and the 
discontinuity of the normal components in the ratio sg. 

I have taken the value ~=2 and plotted the internal lines 
by magnetic refraction at the surface. 

1: tan gn, 
where ¢,, ¢g, are the external and internal angles of the line of 
force with the radius of the sphere at the station. 


| 
/ 
| | NY, | | 
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The spherical harmonic potential system of a shell is given 
by Maxwell, Vol. II, p. 56, but in that case the shell is hollow; 
in our case it is filled with an impenetrable obstacle. 

From the formule for the exflected and the inflected sys- 
tems and the constants above determined, the internal and the 
external systems of lines were computed. On comparison of 
the observed and computed systems the agreement is very 


close. 
The following table gives the coérdinate values of y for 


given x. N. and is the basis of the stream-lines shown in the 
diagram. The radius of equivalent flow is 1-25 times the radius 
of the earth, about 4950 miles. 


COMPUTED ORDINATES y. 
Exflected. Inflected, 
1 2 4 i 


‘82 “87 
‘81 
‘80 ‘81°85 
80 
12 ‘81 
‘67 
‘60 “72 
‘50 
‘50°63 
46 “60 
42°58 
40°56 
39 54 64 ‘67°86 1°00 
38 69 1-03 
34. -91 1-04 


| 


0 
4 
°2 
3 
*4 
0 
5 


] 
] 
1 
1 
2 


It is evident that the system of forces described in the 
ceding paragraphs is adapted to explain several important 
correlated phenomena, whose causes and relations have been 
the subject of the extensive research and discussion. As 
shown by Loomis (Encly]. Britann., Aurora), and others, the 
sunspot frequencies, the magnetic field, and the auroras, vary 
simultaneously in long periods, but especially in the 11-year 
period. My computations on the magnetic elements and the 
meteorological terms* indicate a synchronism of the same char- 
acter, even to minor details. The following group of curves 
exhibits a similar sympathetic action in the 26°68 day period 
of the sun’s equatorial rotation. Referring to the Amer. 
Meteorological Journal, Sept., 1893, it is found that a series of 
variations was obtained by grouping very diverse observations 
in this period, which were roughly similar to each other and 
to the European magnetic impulse. The lack of complete 
harmony is due to the fact that convectional movements, 
inversions, and all other disturbing terms were not considered, 


* This Journal, Dec., 1894. 


N= 00 27 
‘81 80 
‘19 “88 

"7°78 *82 “95 

"14 ‘89 

‘68 1°05 

“61 ‘99 1:09 

62 °57 1°02 

‘38 1°04 1°15 

0 1:06 1:17 

°38 1°08 1°19 

0 °24 1°09 1°20 

0 °21 1910 1°21 

0 ‘20 1:10 1°22 

0 19 I-13 61°23 

0 ‘18 1°12 1°24 
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hence the purely magnetic periodic impressed forces are not 
entirely eliminated. The first curve is the European magnetic 
curve, 1878-1889, reproduced ; the second is the numerical 
mean of the curves 3 to 15 inclusive as they stand ; the third 
is the relative number of West Indian hurricanes for 20 years. 
(Astron. and Astrophysics, June, 1894). The short period 
synchronism is evident, and in view of the action of the earth’s 
shell on the magnetic field, very interesting. It is thus con- 
cluded that the sun emits a polar radiation, as well as an elec- 
tro-magnetic, which at the distance of the earth continuously 
acts upon the terrestrial magnetic and meteorological systems. 


Fig. 5. 
4) /2 13 6/7 20, 2/ 2225 27) 


European \_ 
Magnetic F 


Curve. 


Mean r\ / 


Meteorological 
Curve. 


West Indian 


Hurricane VA 


Curve. 


Magnetic and Meteorological Curves. 


The external polar field is concentrated in two belts, Fig. 3 
(1) the auroral belt, A, (2) the tropical belt T ; with a strongly 
depressed zone at the poles, P, another in the mid-latitudes M, 
and a third at the equator E. Unfortunately our permanent 
magnetic observatories are placed in the two depressions M 
and E, the American and European being all outside the 
aurora belt A, the Asian being all, except Zi-ka-wei, near the 
magnetic equator. The work in the southern hemisphere is 
nearly suspended. The auroral belt was surveyed satisfactorily 
for only one year, 1882-83, and the tropical belts T T have 
been quite overlooked in planting fixed observatories. It is 
hoped that these defects may soon be remedied. 

he auroral belt receives its concentration from the fact that 
the shell turns aside the magnetic rays from the pole to a 
broad belt in the latitudes indicated. This belt is a rude oval 
embracing the magnetic and the geographic poles. (See 
Petermann’s Mittheilungen, vol. 20, 1874, ix.) The maxi- 


| | | | 
| 
| | 
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mum of frequency is about 20° from the poles, in the sche- 
matic diagram, corresponding to the maximum trace in the 
ovals. The auroras fall off towards the pole and towards the 
equator. The long and the short periods of auroral visibility 
are clearly due to the change of intensity of the external field ; 
an increase of magnetic force meanivg a corresponding spread- 
ing of the field towards the equator; the astronomical changes 
of position of the poles, in summer and winter, to the equa- 
torial field affecting the conditions of visibility ; the atmos- 
pheric constituents “also modifying them. Like phosphores- 
cence and fluorescence we may regard the auroral light as the 
product of the transformation of vibrating energy into the 
required period, by means of the atomic and molecular ele- 
ments of the air, as a system of step-up transformers. 

It is well known to meteorologists that the locality of gener- 
ation of distinct cyclonic circulations is to be found in two 
belts, (1) sub-polar and (2) tropical.* One may readily per- 
ceive that the main track of the movement of the Lows is just 
along the edge of the auroral belt A, in an oval following it 
closely (Dun woody’ s International Chart, 53). Furthermore 
the High Pressure Belt of Lower Latitudes is underneath the 
second belt of concentration T, and receives nearly half of the 
energy of the external field. From this belt a series of storms 
is known to proceed northward, omitting the eastward drift 
due to the general circulation. Thus tie Colorado, Texas, 
Gulf of Mexico storms and the West Indian hurricanes are 
examples of this type of storm generation. The eastward 
march of these storm centers seems to be in part regulated by 
the mid-latitude low magnetic belt, where the exflected and 
inflected fields touch each other. This is the significance of 
the third curve in the group given above, and points distinctly 
to the source of energy mentioned in my earlier paper. 

The problems of the seat of the so-called permanent mag- 
netism of the earth, the secular variation of the same, the 
magnetic storms or perturbations, the earth’s electric currents, 
and the sources of free atmospheric electricity, have an almost 
obvious explanation in general terms. If the nucleus of the 

earth cannot sustain magnetism, as it seems necessary to infer, 
then the reason for the earlier attempts to account for the sur- 
face distribution by a system of small equivalent magnets in 
the interior is obvious. Hence Gauss’s solution of the poten- 
tial is the only available method for interpolating at any given 
epoch. The secular variation of the gwasi-permanent mag- 
netism of a shell rotating in two variable external fields is the 
real problem to be considered. In my papert some considera- 


* See this Journal, December, 1894, for the United States. 
+ Amer. Meteorol. Journ., April, 1892. 
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tions on Wildes’ Magnetarium were given, expressing a hope 
that the principles of a sphere rotating in external fields 
might be the ones to employ for this phenomenon. It would 
seem that this paper tends to confirm the suggestion in an 
important degree. 

From the analysis of the two external fields, it is seen that 
the shell of the earth in the mid-latitude zone (Europe) is 
traversed by two systems of lines of force, at right angles to 
each other: in the polar and tropical zones only in one : diree- 
tion, that is along the meridians. It is quite clear from the 
observations on earth currents, that these are the prevailing 
directions, in the respective zones, their origin existing in the 
variable or spasmodic action of the solar field, disturbing the 
potential of the earth’s shell, the currents being the transfer- 
ence of energy in readjusting the equilibrium. The atmos- 
pheric electric potential has also been shown to be periodic 
with the external field, though the data are very meagre, and 
the dissipation of the magnetic radiations very probably has a 
term in static electricity. 

If the polar regions of the earth receive energy, in the form 
of magnetic radiation and this energy varies in intensity in 
short and long periods, then it is not far to seek in the sun as 
a variable star of very long period, in which the output goes 
through considerable changes from epoch to epoch, the cause 
of the glacial sheets that have alter nately covered and retreated 
from the polar caps. As compared with the several astronom- 
ical theories of the cause of such great differences in heat, it 
seems more natural to extend our observed variations to cover 
the case of glacial periods. 

I have now stated my argument for believing in the exist- 
ence of the magnetic radiant « energy from the sun, in addition 
to the electro-magnetic radiation, which has been so much 
studied during the past twenty years. The subject is new to 
science, because in general polar magnetic lines of force have 
not been regarded as radiant, only static. It is necessary to 
have a clear conception of the thing measured by the mag- 
netic instruments, namely the ponderomotive or mechanical 
force due to the stresses in the medium. Using Heaviside’s 
formula,* we have, 

A 
Fm=[Ho]+VJB+ Vj,B—4H’ A 
The first term is the static electrification and [magnetification 
= wanting]: the second is the pressure due to the wave propa- 
gation [magneto-electric = wanting] and the electro-magnetic: 
the third due to the motions of and through the medium : the 


* Electrical Papers, vol. ii, p. 562; Electro-magnetic Theory, vol. i, p. 107. 
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fourth due to the change of the medium, as the immersion of 
the earth in the ether. The currents J, G, contain the con- 
duction, displacement and convection currents: 7, and g, are 
due to the motion of the impressed and intrinsic forces: E, H, 
the forces, D, B, the displacement and induction, p, o, the 
divergence, c, 4, the permittivity and inductivity. Some 
attempt has been made in this paper to give the value of y for 
the earth. Several of the terms can be computed, since E. H. 
are approximately known for the electro-magnetic field, and the 
astronomical motions. We still need c. 

About the mode of magnetic radiation no serious hypothesis 
has been advanced, that is, how energy is propagated through 
the ether along these widespreading curved lines, whether by 
a rotary polarized wave or not. Yet the physical aspect of the 
case demonstrates that energy is continuously arriving at the 
earth from the sun. Now the question arises, is the term 

zVDG really wanting in nature, since this is the one corre- 
sponding to the electro-magnetic radiation VJB? Is it possible 
that this is the mode of propagation of the auroral energy, 
and if so what is the mechanical form ? 

We must distinguish between the mechanical pressure of 
radiant energy, and the amount of energy received at a sur- 
face per second. In the case of light, the pressure is due to 
the wave of H=0°02 0C.G.S. E=6x10, from which the maxi- 
mum translational force is 5 dynes per cu. cm. The action of 
this field on the unit magnet pole is 000070 C.G.S. in the polar 
regions, and 0°00030 C.G.S. in the mid-latitude zone. The 
action on the same hemisphere from the polar magnetic field is 
000035 on the average, so that we have the same order of mag- 
nitude in both radiations to derive from the ether energy. The 
whole problem is obscure at present and can be developed 
properly only after the acquisition of further knowledge of the 
subject. If the portion of F due to radiation is 


pp=v_, 
dt dt 


dU 4U U=4sED=$cE’ 
dt T=sED=3uH’ 


where W=flux, U=density of radiant energy, y=pressure ; 
then p and W are related to temperature through the fourth 
power. 
This to some extent outlines the path by which the external 
impressed energy is transformed into heat in the earth’s atmos- 
here; and thence it passes into various meteorological circu- 
sere in the effort to restore equilibrium. Theoretical 
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meteorology has heretofore considered only the effect of the 
electro-magnetic radiation. It seems clear that the general 
theory of cyclones must be somewhat recast, especially because 
the existing treatment has introduced so many limiting condi- 
tions as to deprive the result of the possibility of any strict 
comparison with the phenomena of nature. The three most 
pressing problems in our study are now: 


(1.) The transformation of radiant energy into heat. 

(2.) The distribution of magnetic activity in the nucleus of 
the sun. 

(3.) The true stream line circulation in the anticyclones and 
the cyclones. 


In all of them some progress has already been made. On 
comparing the values of s, o, for the field south and north 
respectively, it is seen that the vectors pointing from north 
of the ecliptic towards the south, always exceed those oppo- 
sitely directed, by several units in the 5th decimal place. It 
indicates some persistent physical difference, and it may be that 
the north pole of the sun is stronger and positive as compared 
with the southern. For this and the phenomenon that has 
been called “inversion of temperatures,” no satisfactory 
explanations have been discovered. 

Since these vectors represent cosmical forces of the same 
mechanical type as gravitation, connecting the sun with the 
planets, it would seem that they should be taken into account 
in general theoretical astronomy, or the celestial mechanics of 
the solar system. 

We have been accustomed to think of gravitation as the 
only mechanical force between the sun and the planets, and 
theoretical astronomy has been constructed upon this basis. 
Yet there are several outstanding secular motions that appar- 
ently fail to comform to the simple Newtonian Law of the 
inverse square of the distance. Thus Newcomb gives in “ Astro- 
nomical Constants,” 1895, (1) the motion of the perihelion of 
Mercury, (2) the motion of the node of Venus, (3) the motion of 
the perihelion of Mars, (4) the eccentricity of Mercury, as the 
most important divergences of theory and observation. To 
account for these motions the following hypotheses of the 
action of unknown masses of matter are discussed : 


1. The non-sphericity of the Sun. 
2. An intra-Mercurial ring or group of planetoids. 
3. An extended mass of diffused matter like that which reflects 


the zodiacal light. 
4. Avring of planetoids between the orbits of Mercury and 


Venus. 
Am. Jour. Sc1.—Turrp Series, Vou. L, No. 296.—Aveust, 1895. 
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Each of these hypotheses is regarded as improbable and 
unproven. Also Hall proposes that the exponent of the dis- 
tance in the law of gravitation is not precisely 2, but about 
2,000,000, 1574, as the compensation for at least two or three 
discrepancies. 

To these secular motions may be added the short period 
variations of the terrestrial latitudes, as given by Chandler in 
the periods of 365 days, 428 days, and 12 years. All attempts to 
assign to these a suitable physical cause, whether meteorolog- 
ical or geophysical, have failed to meet with acceptable results. 

Now the outcome of my research into the magnetie varia- 
tions is to show that two systems of mechanical forces exist in 
the ether at the surface of the earth, besides gravitation, and 
that these must be added to account for all the known forces at 
work. The medium that sustains the gravity stress also contains 
stresses due to the two types of radiant energy as impressed by 
the solar action upon the ether. The discovery of the exact 
form of the gravitation stress and the radiant magnetic stress 
is yet to be made, on the supposition that the Hertzian electro- 
magnetic stress is now understood. The order of the mechan- 
ieal forces at the surface of the earth is as follows: 


The ear th’s gravity, g = 980°60 cm. = 386 inches per sec. 

The sun’s acceleration, J = 0°5929 cm. = 0°2334 inch per sec. 

The electro-magnetic field near the poles JHp = 0°00070 cm. 
= 0:00028 in. 

The electro-magnetic field 
000030 cm. = 0°00012 in. 

The polar magnetic field = 0:00035 cm. = 0°00014 in. 
Ratios, = 547° 4Hm = 1976" 4H = 


in middle latitudes ZHm = 


To explain the periods, we have, 
365 days, the couples of the electro- magnetic field move up 


and down the earth with the sun’s annual : declination ; 

428 days, the elasticity of the shell of the earth under gravi- 
tation is believed to give this inertia period ; 

12 years, the variation of the polar magnetic field in the sun 
spot cy cle is proven. 

See this Journal, Dec. 1894, p. 448, and a large literature 
on sun spots, auroras, magnetic forces. This field varies at 
least 75%, and is attached to the midlatitude regions of the 
earth, appropriately to displace the axis of rotation. "Chandler's 
dates of maximum are so closely associated with the dates of 
the maximum of sun spots for the last half century as to claim 


eareful consideration. 
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If these mechanical forces are to be superposed upon gravi- 
tation, then the effect upon the motions of the earth and also 
of the other planets, should be expected, and the suggestion 
herewith made is that the outstanding motions may be due not 
to unknown masses of matter, nor to the modified law of gravi- 
tation, but to certain stresses imposed upon the ether by the 
radiant energy of the Sun. 

The definite problem thus set before magneticians, namely, to 
determine fully the magnetic action of the sun on the earth, 
by means of the vector forces at the surface of the earth, 
should bring about two reforms in the observatory methods 
now in use. 1. The distribution of permanent observatories 
should be made in conformity to the field to be observed. 

. The type of instruments and the methods of reduction 
should be made uniform. It is very exasperating to employ 
the present heterogeneous material; and often the cause of 
misinterpretation is to be attributed to this divergence among 
the reported observations. The singleness of the main problem 
and the necessity of intelligent codperation, together with the 

great importance of the cosmical physics inv volv ed, ought to 
raise magnetism of the sun and the earth into the front rank in 
science. The normal systems of the magnetic and electro- 
magnetic fields evidently become the means of checking the 
performance of the instruments of any observatory, which will 
add much to the precision with which the instruments are 
handled. Also the elimination of the normal system from the 
observed values of the magnetic force, give certain residuals 
which are to be interpreted as forces indicating physical actions 
within the sun, or else in the atmosphere and the shell of 
the earth. In this way many sensitive variations of the traces 
of the photographic magnetograms will in due time find their 
true and useful interpret ation for practical purposes. This 
system of measures, delicate to a remarkable degree, will there- 
fore become available for forecasting weather and allied phe- 
nomena. 


Art. 1X.—Wote on the occurrence of Leadhillite Pseudo- 
morphs at Granby, Mo. ;* by WARREN M. Foote. 


AMONG some leadhillite specimens found a year ago in the 
Beer Cellar mine at Granby, Mo., were several examples of a 
mineral replacing calcite. These were preserved by the super- 


* Mention is made of pseudomorphism in Messrs, Pirsson and Wells’ descrip- 
tion of the Granby Leadhillite, this Journal, Sept. 1894, 
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intendent, Mr. John Kingston, of whom they were obtained by 
Dr. A. E. Foote of Philadelphia. In examining them together 
with crystallized leadhillite, the writer observed one isolated 
scalenohedron possessing the high specific gravity, the perfect 
cleavage and pale green color of leadhillite, which subsequent 
qualitative tests proved it to be. This led to an examination 
of all the material then available and a further search on the 
old mine dump, which yielded several other specimens. 

After Calcite.—The scalenohedrons were found in a chert- 
calamine rock and were generally pure cerussite. In anumber 
of instances, however, leadhillite completely replaces the calcite 
either in hollow forms with the six-sided crystals (twins exhibit- 
ing hexagonal symmetry) in the interior, or by the solid massive 
mineral. In some cases minute crystals of calamine and cerus- 
site are intimately associated on the inner surface of the pseu- 
domorphs, apparently being a secondary crystallization. In 
the absence of crystal planes, the perfect cleavage distinguishes 
the leadhillite from the cerussite, which has a conchoidal 
fracture. 

The chemical tests consisted simply in dissolving the 
powdered mineral in boiling dilute nitric acid. Cerussite dis- 
solves with effervescence, leaving no residue, while the sulphato- 
carbonate (leadhillite) similarly dissolves but leaves a white 
precipitate of lead sulphate, which settles as the effervescence 
of carbon dioxide ceases. This precipitate gave reactions for 
sulphur on charcoal. 

After Galena.—Pure white leadhillite replaces cubes of 
galena occurring in the same matrix with the calcite pseudo- 
morphs, and showing in the same manner the fine crystalliza- 
tion of the leadhillite. 

In the majority of crystals observed, however, a gray amorph- 
ous mineral in crusts and hollowed forms replaces the eube. 
Again there are many imprints of the galena, empty or par- 
tially tilled with leadhillite or cerussite. The gray crusts when 
compact exhibit a slightly fibrous structure with inner surface 
botryoidal; hardness 2 to 2°5. They gave the same reaction 
as the crystallized mineral except that the residue left was 
gray. After effervescence ceased, this was boiled strongly and 
the residue became white and supernatant liquid clear. 

This incomplete analysis would indicate that the gray color 
is due to the presence of unaltered lead sulphide, which dis- 
solves after the solution of the sulphato-carbonate is completed. 
Several crystals showed patches of bright cleavable galena 
through the altered mass. 

These facts have been thought worthy of note inasmuch as 
no definite report of such pseudomorphs has yet been made. 
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Art. X.—The Precipitation and Gravimetric Determination 
of Carbon Diowide; by F. A. Goocn and I. K. PHELPs. 


[Contributions from the Kent Chemical Laboratory of Yale College—XLI.] 


THE method upon which reliance is most confidently placed 
for the determination of carbon dioxide in solid carbonates, 
involving as it does the liberation of that gas by the action of 
a strong acid and its absorbtion in weighed potash-bulbs, 
demands as conditions of the attainment of good results the 
careful observance of precautions and the expenditure of much 
time and attention. In the method described below we have 
sought to secure equal accuracy with greater economy of time 
and care. Our plan is to effect the rapid absorbtion of the 
carbon dioxide, evolved by the action of acids upon carbon- 
ates, in barium hydroxide contained in a specially devised 
apparatus, to filter and wash the pre- 
cipitated barium carbonate under a 
protecting layer of xylene, to dissolve 
in hydrochloric acid the washed car- 
bonate upon the filter or adhering to 
the receiver, to convert the barium 
chloride thus obtained into the form 
of the sulphate, and from the weight 
of the last to caleulate the carbon 
dioxide originally liberated by acid 
from the carbonate. 

The apparatus which we use, and 
which is shown in the figure, consists 
of a flask for the evolution of the car- 
bon dioxide, properly connected with 
a receiver in which the gas is retained 
unti! absorbtion is perfect. It is a form 
of a similar device employed by one of 
us* for the absorbtion of ammonia in 
hydrochloric acid and the complete 
retention of the ammonium salt thus formed, but so modified 
as to avoid the danger of diffusion of carbon ‘dioxide through 
the rubber balloon—a source of error which we have found 
by experiment to be considerable when large amounts of the 
gas are handled. 

The evolution flask (F) has a capacity of about 50 em‘, and 
is fitted with a rabber stopper through which passes a tube 
(A) wide enough (about 0°7™ in interior diameter) to prevent 
the formation of bubbles, and expanded just above the stop- 


* Amer, Chem. Jour., i, 450. 
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per to a small bulb. The absorbtion cylinder consists of a 
wide glass tube, (C) fitted at either end with a rubber stopper. 
The stopper at the lower end of the cylinder, placed vertically, 
carries a short tube, about 1:5 in diameter, to which is 
secured a smaller rubber balloon. The cylinder and balloon 
together hold about 100 em*. The upper stopper is perforated 
with two holes, through one of which passes the tube of a 
glass stop-cock, while through the other hole passes a long 
tube reaching to the interior of the balloon and provided with 
a valve (V)—preferably a modified Bunsen valve, of the pat- 
tern recently devised by Kreider and described on p. 132 of 
this number. 

In using this apparatus a saturated solution of barium 
hydroxide (which is made hot, filtered into a siphon-bottle, 
and preserved from atmospheric action by a floating layer of 
kerosene) is introduced by pressure upon the air in the siphon- 
bottle or by suction applied to the stop-cock of the cylinder. 
Such a solution contains about five per cent. of its weight of 
the hydroxide, and we find it best to use in every case an 
amount at least a fourth in excess of the quantity theoretically 
required to absorb the carbon dioxide, and to fill the cylinder 
and balloon nearly full of liquid. The carbonate is weighed, 
introduced into the flask, and washed down with fifteen or 
twenty cubic centimeters of boiled water, which is protected 
in the wash-bottle from carbon dioxide in the breath by a bal- 
loon attached to the inlet tube. A small tube holding enough 
hydrochloric acid to effect the decomposition of the carbonate 
to be analyzed, is placed in upright position in the evolution 
flask. The stopper is inserted in the flask and connections are 
made as shown in the figure, the little tube containing the acid 
is overturned by inclining the flask, the acid mixes with the 
water and effervescence begins. Heat is applied and the liquid 
in the flask is boiled until that in the cylinder is heated by the 
steam nearly to the boiling point, in order that the precipitated 
barium carbonate may become as granular as possible. The 
carbon dioxide evolved and the air in the flask are transferred 
in the process to the absorbtion cylinder, the valve serving to 
prevent the back-flow of the liquid while the balloon expands 
to give room to the air and condensed steam. When the boil- 
ing is done the flask and tube are disconnected at the rubber 
joint, the cylinder is shaken to insure the absorbtion of the 
carbon dioxide, and the liquid carrying the greater part of the 
precipitate is transferred through the stop-cock to a filter care- 
fully fitted to its funnel, moistened with water and containing 
about 5 em* of xylene, (which we found to be preferable to 
benzene, kerosene, or amyl alcohol, the function of which is 
to rise to the surface when the aqueous solution is added so as 
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to protect the barium hydroxide from the action of the carbon 
dioxide of the air. By manipulating the balloon and the stop- 
cock (to which a little funnel may be attached by a piece of 
rubber tubing for convenience in introducing wash-water) the 
cylinder may be emptied and washed out with hot boiled 
water, though, of course, a very considerable portion of the 
precipitate remains adhering to the walls of the absorbtion 
apparatus. 

We prefer to prepare the filter for use with the suction 
pump, but in the early stages of filtration and washing very 
little suction should be applied. When the barium hydroxide 
has been nearly washed out of the precipitate, the xylene is dis- 
solved ina little hot alcohol, the suction is applied and the 
washing is completed with hot water. The emulsion of xylene 
and water found in the filtrate is readily cleared up by aleohol. 
Finally, the barium carbonate in the absorbtion apparatus and 
upon the filter is dissolved in hydrochloric acid and precipi- 
tated in hot solution by sulphuric acid, the resulting barium 
sulphate is filtered, washed and ignited upon asbestos in a per- 
forated crucible, and from its weight the carbon dioxide which 
originally precipitated the barium, now in the form of the sul- 
phate, is calculated. The results of a series of determinations 
made in this manner are recorded in the following table: 


[Ba = 137-43, S = 32:06, O= 16, C= 12.] 


CO. 

CaCO; BaSO, actually CO. Error in 
taken. found. present. caleulated, co, 

grm. grm. grm. grm. grm. 
0°0500 071180 0°0220 0°0222 0°0002 + 
0°C500 0°1183 0°0220 0°0223 0°0003 + 
0°1000 0°2329 0°0440 0°0439 0°0001 — 
1°'1000 0°2347 0°0440 0°0442 0°0002 + 
0°2000 0°4660 0°0880 0°0878 0°0002— 
0°2000 0°4653 0°0880 0°0876 0°0004— 
0°5000 1°1650 0°2200 0°2196 0°0004— 
0°5000 1°1657 0°2200 0°2197 0°0003 — 
1°0000 2°3323 0°4400 0°4396 0°0004 — 
1:0000 2°3309 0°4400 0°4394 00006 — 


Various modifications of method and manipulation were put 
to the test of experiment, but the process which we have 
described has proved on the whole the most satisfactory. It is 
fairly rapid and accurate. 
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Art. XI.—On the Velocity of Electric Waves; by JOHN 
TROWBRIDGE and WILLIAM DvuANE. With Plate III. 


In the April number of this Journal (vol. xlix, 297), we 
published a preliminary paper on the determination of the 
velocity of electric waves. The wave length was determined 
by means of a bolometer and the period of vibration by photo- 
graphing the spark in the secondary circuit. Since the waves 
in the secondary were not well formed when the spark gap 
was inserted, it seemed desirable to find an arrangement that 
would produce simultaneously a good waveand a spark that could 
be photographed. A number of condensers with plates of dif- 
ferent sizes and shapes, and different substances for the dielectric 
were tried, and the apparatus to be described was finally adopted. 
The difficulties to be overcome were these. Too strong a reac- 
tion between the primary and secondary condensers could not 
be employed, because the increase in the damping of the pri- 
mary due to the large amount of energy drawn off by the 
secondary, made good resonance impossible. The amount of 
energy in the primary at full charge must be much greater 
than that in the secondary. On the ‘other hand, the capacity of 
the primary condenser must not be too great, for the self-indue- 
tion of the primary circuit would have to be proportionately 
small, and this, too, means an increase in the damping. The 
secondary condenser, too, must have a capacity less than a cer- 
tain magnitude in order that the node may fall on the cireuit 
and not in the condenser plate. These points seem to indicate 
that small condensers are preferable to large ones, but a decrease 
in the size of the plates means a decrease in the light of the 
secondary sparks, and the sparks at the best can barely be pho- 
tographed. Practically, therefore, our choice was much limited, 
and the particular arrangement to give the best results had to 
be selected by experiment, after a long series of trials. The 
arrangement and dimensions of the apparatus finally adopted 
were as follows: 


B 


| 


2D 


Two metallic plates a and 6 (fig. 1), 30x30, placed in ver- 
tical planes, formed the primary condenser. The dielectric 
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between them consisted of the best French plate glass obtain- 
able (4=8+ probably), and was 2™ thick. Outside the plates 
a and b, and separated from them by a hard rubber dielectric 
(k=2+ about) 1°8°" thick were the secondary plates 26 x 26. 
The primary and secondary circuits were joined to the con- 
denser plates as indicated in the figure. The primary cireuit 
lay in the horizontal plane passing through the centers of con- 
denser plates, and consisted of copper wires 34°" in diameter. 
In order to control the period of oscillation of the primary 
circuit, the portion BD, containing a spark gap with spher- 
ical terminals, was made to slide along parallel to itself. 
The distance between the straight portions AB and CD was 
40, and the lengths of AB and CD finally chosen for best 
resonance were 85°. Most of the secondary circuit lay 
in a horizontal plane 15™ above that of the primary. The 
lengths GE and HF, however, were bent down and fastened to 
the middle points G and H of the secondary plates. The cir- 
cuit consisted of copper wire (diameter *215), and its total 
length from G through I to H was 5860. At I was a spark 
gap with pointed terminals. With this apparatus we suc- 
ceeded in producing a very regular wave formation, as indi- 
cated by the bolometer. So many curves have been plotted 
and published, to illustrate the characteristics of electrical 
waves, that it does not seem worth while to add to the num- 
ber here. It will be sufficient to State that the ratio of the 
maximum and minimum deflections in the bolometer was about 
15:1, and that there was a node at I, and another about 40™ to 
the right of E. and F. 

As stated in our first paper, the images of the secondary 
spark were thrown on a sensitive plate by means of a rotating 
mirror. Plate III gives an enlargement (about 10 times) of 
one of the sparks taken in our final measurement. The dots 
represent discharges from the negative terminals only, the 
positive discharges not being brilliant enough to affect the plate. 
The distance between successive dots was the distance on the 
plate through which the image of the spark gap moved during 
the time of a complete oscillation. Hence by determining 
the speed of the mirror and measuring the distances from the 
mirror to the plate the time of oscillation could be calculated. 
To measure the sparks we used a sharp pointer moved at the 
end of a micrometer screw, under a magnifying glass of low 
power. The instrument was originally intended for micro- 
scopic measurements, and was very accurately constructed. 
The rotating mirror was driven by an electric motor by means 
of a current from a storage battery of extremely constant volt- 
age. To give great steadiness a heavy fly-wheel was attached 
to the axis of the mirror. The speed of the mirror was 


106 Trowbridge and Duane— Velocity of Electric Waves. 


determined to within about one part in five hundred by means 
of an electric chronograph. This apparatus, requiring great 
technical skill, was made for us by the mechanician of the 
laboratory. The mirror consisted of a thick piece of glass 
with a concave surface accurately ground for this research by 
the well known optician Alvin Clark. For the extremely 
sensitive dry plates which we used, we are indebted to Mr. 
Gustav Cramer of St. Louis, Mo. 

Upon photographing the secondary spark some curious phe- 
nomena were observed. In the first place the dots usually 
appeared in pairs. There would be two black dots followed 
by a space, then two or three dots either appeared faintly or 
were absent altogether; after which the two black dots w ould 
reappear followed again by a faint space, and so on for six or 
seven repetitions. All this, of course, occurred in a single 
spark. The explanation that first presents itself is that the 
two black dots are the results of the first two oscillations in the 
primary circuit, which, owing to the damping, are much more 
powerful than the others. If this were the true reason, the 
first of the pair of dots always ought to be blacker than the 
second, and every third dot ought ‘to be the first of a pair. 
This is not the case, however. On the other hand, the phe- 
nomena cannot be explained as the result of a complex vibra- 
tion, for the bolometer readings, taken only a few minutes 
before the photograph plates were exposed and with exactly 
the same arrangement of apparatus, indicated extremely regu- 
lar waves. <A clue to the mystery was furnished by several 
sparks, in which the dots made by one spark terminal had the 
characteristics just described, whereas those made by the other 
were quite regular. F ollowing out this hint, we found that the 

articular substance used for the secondary spark terminals 
fiad a large effect upon the characteristics of the photographs. 
We tried spark terminals made of a number of different metals 
—tin, aluminum, magnesium, fuse-metal, etc., and finally 
adopted cadmium as productive of the best sparks. In the 
case of cadmium the characteristics described are much less 
marked, and we have succeeded even in producing a few 
sparks in which no difference in blackness could be detected 
between one dot and the next. The photographs from cad- 
mium terminals, too, are far more distinct, and far more easily 
measured, than those from terminals of any other metal that 
we tried. 

An interesting question arose here, as to whether the dis- 
tance between two successive dots would depend upon the 
period of oscillation of the primary circuit, if the secondary 
were unaltered? To test this point, the circuits were brought 
into resonance, and a photograph taken. The self-induction 
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of the primary circuit was increased by about 20 per cent. of 
its value, and a second photograph taken. In the first case 
the distances between successive dots were all within 2 or 3 
per cent. of the average obtained, by measuring over several 
dots and dividing by the number of intervening spaces, whereas 
in the second case the measurements of some of the single 
spaces were from 8 to 12 per cent. greater, the average from 
long measurements being the same as before. This indicates 
that the vibrations of the secondary circuit are not perfectly 
regular, and at a distance apart fixed by the character of the 
wire, but are to be looked upon as a series of pulses 
traveling along the circuit and keeping at a distance from each 
other, which is determined by the exciter. Owing to the fact 
that the damping of the primary is much greater than that of 
the secondary, the seventh and eighth pulses started are too 
weak to obliterate the first and second, which have traveled the 
length of the cireuit and back. We should expect from this 
that the bolometer throws, which measure the average length 
of the wave, would not indicate a shifting of the node, when 
the circuits are thrown slightly out of resonance, but that the 
minimum throws would be greater than when the circuits are 
exactly in resonance. This, as is well-known, is what happens. 

The improved sparks, which the new arrangement of appa- 
ratus, and the use of cadmium as material for the spark ter- 
minals have enabled us to produce, have brought to light 
another interesting fact, namely, that even when the best 
resonance is obtained, and the most regular wave formation is 
excited, the distances between the first three or four dots are 
slightly greater than the distances between three or four dots 
taken farther down the spark. The explanation we offer for 
this is the following, and it applies as a criticism to all cases 
in which waves are excited in a circuit by a neighboring cir- 
cuit possessing a much larger damping factor. The fact that 
the secondary waves last longer than the primary oscillation 
means that the last times the waves travel over the circuit, 
they do so under different end conditions from the first few 
times. The capacity of the secondary plates is slightly less 
after the primary spark has stopped than it was before, and 
therefore the length of the wires equivalent to the secondary 
plates is slightly less, and it takes a shorter time for the waves 
to travel along the cireuit and back. Hence the observed de- 
crease in the distance between the spark points and a certain 
mixing up of the dots, which occurs after the sixth or seventh 
oscillation. (See figure.) The sixth dot in the figure, appar- 
ently following its predecessor after about half an interval, is 
not a usual characteristic. In the vast majority of sparks the 
first few dots are far more powerful than those that follow 
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them, and only occasionally do sparks occur that indicate more 
than five or six good complete oscillations. Hence these first 
few oscillations have the preponderating influence in fixing the 
length of the waves as indicated by the bolometer. In examin- 
ing the sparks, therefore, we measured from the first oscilla- 
tion as far down the spark as we could without passing over a 
space where dots were obliterated, and hence in every case we 
knew the number of dots between the points from which 
measurements were taken, and did not have to assume that 
good oscillations had occurred without affecting the plate. 

The following table, containing the results of our measure- 
ments with the improved apparatus, explains itself. The dis- 
tance from the mirror to the photographic plate was 302™ in 
each case. 

No. of Distance be- Time Length Velocity 
revolutions tween succes- of of of 
of mirror sive points on __ oscillation wave waves 

per sec. plate in em. sec. em. cm. 
70°8 "05028 1°869 x 10” 5670 3°030 x10"° 
73°7 05247 1°877 X 10° 5670 3°021 x10" 
75°2 05536 1:940 x 10° 5670 2°923 
69°5 "05002 1°897 x 10’ £690 3°000 x10"° 
68°9 04900 10° 5690 3°034 x10" 
69°0 "04974 1°899 x 10’ 5690 x«10"° 


05075 1°879 x 10’ 5660 3°013 


Average value of velocity, 30024 x 10" 


With the exception of three preliminary trials, which gave 
values differing from the mean by 10 or 12 per cent, these are 
the only complete determinations we have made. 

In some cases the waves in the circuit were just as good 
with the spark gap as without. In others there was a decided 
wave formation when sparks occurred, but the node was not 
quite so well marked. For this reason, and since it did not 
appear to make any difference in their length, the waves 
usually were measured without the spark gap. As the sparks 
were quite regular, the difference in the bolometer readings 
must have been due to Faraday tubes, that were reflected from 
the spark gap, without forming a spark and reversing them- 
selves. 

As an example of the data taken to ascertain the position of 
the node we give the following table. The top line contains 
the distances of the bolometer terminals from arbitrary fixed 
points on the cireuit. 

Distances from fixed points, 20 40°" 60°" 
4°0 4°3 
Bolometer deflections, 4°1 4°4 
4 


Average deflections, 4°03 
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From these deflections the position of the node was easily 
estimated. It appears from the best results that we have 
obtained, that the velocity of short electric waves traveling 
along two parallel wires differs from the velocity of light by 
less than 2 per cent of its value. It has been shown theoreti- 
cally, that the velocity of such waves traveling along a single 
wire should be the velocity of light approximately. Our 
results, therefore, in a certain sense, confirm the theory, to an 
accuracy within their probable error. 

Theoretically too, the velocity should be approximately equal 
to the ratio between the two systems of electrical units. The 
average of the best measurements of this ratio is 3-001, which 
is nearer the average velocity obtained by us than the velocity 
of light. 

Jefferson Physical Laboratory. 


Art. XII.—On the Distribution and the Secular Variation 
of Terrestrial Magnetism,* No. I; by L. A. BAvER, Pu.D. 


For the empirical results already obtained in my investiga- 
tion on this subject, I refer the reader to an abstract published 
in this Journal.t The general conclusion was that the two 
phenomena, the distribution and the secular variation, appear 
to be closely related ; they obey similar laws and seem to be 
connected in some way with the rotation of the earth. 

In the following, I intend to establish this important result 
more conclusively, adopting a method somewhat different from 
the one previously employed. I shall for the present confine 
myself solely to observations of declination and inclination, since 
reliable intensity data cover but a comparatively small interval 
of time. <A collection of observations of intensity is, however, 
being made and will be discussed at some future date. 

Unfortunately the points on the earth’s surface where we 
possess long series of magnetic observations are not uniformly 
distributed. The consequence is that it is very difficult at 
times to interpret the phenomena observed at any special 
locality or to discern the law governing the onward progression 
of a particular phase of the secular variation. To help me 
out of this difficulty, I adopted the idea of choosing hypothet- 


* Under this title, I intend to publish a series of articles embodying and grow- 
ing out of two papers presented to the Philosophical Society of Washington, 
May 25, 1895: ‘On the Secular Variation of Terrestrial Magnetism” and “ A 
Preliminary Analysis of the Problem of Terrestrial Magnetism and its Variations.” 
Both papers are abstracted in *‘ Science,” vol. I, No. 25. 

+ June, 1895, p. 471. For a fuller account see “The Physical Review” for 
May-June and July-August, 1895. 
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ical points distant 20° in longitude and situated on the paral- 
lels of latitude 60° N., 40° N., 20° N., equator, 20° S., 40° S. 
and 60° S. The data (declination and inclination) were scaled 
from isogonic and isoclinie charts. In this way was added to 
the list of secular variation stations already discussed, 7x 18= 
126, symmetrically distributed. 

In the case of the declination, material has been gathered 
covering a period of 34 centuries. Twenty-six charts frora 
1540 to 1890 were sealed, giving about 3000 declinations. In 
some cases the original charts as found in the European libra- 
ries were utilized. The curves expressing graphically the 
secular variation in declination for the 126 hypothetical points 
have all been laid down on a map in their true geographical 
positions. The outcome is a most interesting one and has 
fully repaid the requisite labor. Owing to lack of time, its 
publication and discussion must at present be deferred. 

Inclination data are not so numerous. Little use, if any, ean 
be made of Hansteen’s isoclinic charts for the years 1600 and 
1700. The earliest fairly reliable chart that can be utilized is 
the one by Hansteen for 1780. Besides this, the following 
were scaled: Erman and Petersen’s (1829), Sabine’s (1840-45), 
Evans’s and Oreak’s (1860, 1870, 1874 and 1880) and Neu- 
mayer’s (1885). 

I then drew up tables of declination and inclination for the 
seven dates, 1780, 1830, 1842, 1858, 1872 and 1885. With 
these data I can construct the secular variation curves for the 
time interval 1780 to 1885 at 126 points uniformly distributed 
over the earth on the principle already laid down.* [am plot- 
ting them on a large map on Mercator’s projection and on 
twice the scale formerly employed, i. e., [ draw the curves 
described by a freely suspended magnetie needle whose total 
length is 80™ instead of 40°". On this same map, I intend to 
give the curves derived from actually observed data. The 
pursuit of a secular wave around the earth, or the discernment 
of laws, will thus be materially facilitated. This work is fairly 
under way. I would like to suggest that those who are engaged 
in similar investigations adopt the same scale if possible. 

To be sure the material obtained from isogonic and isoclinic 
charts cannot be relied upon as though it had been actually 
observed. Still it should be remembered that these charts 
were based on observations. While no doubt the constructor 
of the chart had to proceed arbitrarily at times on account of 
defective or deficient data, nevertheless, the data obtained from 
them possess a value of no mean degree, provided they are 


* In “ Beitraege zur Kenntniss des Wesens der Saecular-Variation des Erdmag- 
netismus,” Mayer and Miiller, Berlin, 1895. See article referred to in ‘* Physical 
Review.” 
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used critically. The following novel results will afford strik- 
ing evidence of this. 

I shall not give here the original data, as it is my intention 
some day to publish the total material together. The results 
can be understood without the original figures. 

Table 1 is intended to exhibit mainly the “distribution” 
phenomena, Table Il those of the “secular variation.” 


I.—Distribution. 


DECLINATION. 


Mean for Latitude. Range for Latitude. 
Date | +60 +40 +20 0 —20 —40 —60 | Mean +60 +40 +20 0 —20 —40—60 Mean 


1780 +2°2 +1°1 +05 +05 +2°3 42:8 +1°5 '70°8 35°7 28°3 29°2 33:9 46°7 668 445 
1830 |+2°0 +0°7 +0°3 +0°5 +1°3 +2°7 +1°4) +1°3 72°3 42°9 33°0 31°6 37°3 48°7 71°3 48°2 
1842 |+3°0 +1°0 +0°2 +0°2 +3°0 +2°1 +1°6 96°0 41°0 30°2 37°3 44:3 73°5 
1858 |+3°7 +1°0 +0°3 +0°7 +1°6 +3°2 +2°4) +1°8 91°3 43°4 30°5 31°7 393 494 74:8 51°5 
1872 '+3°1 +0°7 +0°2 +0°8 +2°0 +3°3 +3°2) +1°9 86°2 44°0 30°3 28°8 38°8 50°2 74:3 50-4 
1880 +2°0 +0°8 +0°4 +0°9 +1°8 +3°4 +3°5) +1°8 84°2 43°9 29°7 29°46 39°9 509 75°6 
1885 +2°5 +0°7 +0°4 +1°0 +1°8 +3°5 +2°0 86°8 43:0 29°1 29°7 39°1 51°71 78°3 51°0 
Mean +2°6 +0°9 +0°3 +0°7 +1°6 +3°2 +28 +1°7 82°5 42°0 30°2 30°3 379488 73°5 49°3 
INCLINATION. 
} Mean for Latitude. Range for Latitude. 
Date +60 +40 +20 0 —20 -—40 —60 Mean|+60+40+20 0 —20 —40 —60 Mean 
° ° ° ° 2 o ° 5 * 

1780 +749 +33°2 —34°0 —59°1 [—70 8] + 0°2 |13°2 214 39°65 47°8 38°8 26°3 [22-0] 29°9 

830 +75°-4 +60°1 —1°8 —35'9 —57°T —70°8 +0°6 [14°3 21°56 37°4 55°2 47°1 30°71 23°6 

1842 +75°3 +59°0 —36°0 —57°2 —70°9 +0°3/15°3 22°5 53:0 45°5 33:0 28°0 33°0 

1858 +75°3 +60°2 +35°2 —2°1 —36°1 —57°2 --70°5 +0°7 /15°6 23:0 35°5 50°5 49°5 34°5 27°0 | 33° 

1872 +75°4 +59°6 +35°0 —2°1 —36°3 —57°2 +0°5/|15°0 20°2 33°6 48°4 46°8 34°0 27°2 

1880 +75°3 +59°9 +34°5 —3°] —36°8 —57°6 —70°6 +0°2/15°4 20-2 32°8 50°2 46°3 36:3 28°0 32°7 

1885 +74°9 +59°7 +343 —36°8 —57°2 —70°2 +0°4/14°7 196 31°7 49°6 47°0 36°2 29°0  32°5 

Mean +75°2 +59°6 +34°4 —2°3 —36°0 —57°6 —70°6 +40°4/14°8 21°2 34:9 50°7 45°9 32-4 


Meaning of Signs.—Plus: North Latitude, West Declination or Dip of north end of needle below the 


horizon. 
Minus: South Latitude, East Declination or Dip of north end of needle above the 


horizon. 


* Supplied temporarily from value for 1830. 


| 
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Taste [I.—Secular Variation. 


LARGEST SECULAR CHANGE BETWEEN 1780 AND 1885. 
In Declination. In Inclination. 
Latitude. Latitude. 
Long. ° ° ° ° ° ° ° ° ° an) ° ° ° * 
E. of G. +60 +40+20 0 —20-—40 —60 Mean +60+40+2uv 0 —20 —40 —60 Mean 


° 
° 
° 
° 
° 
° 


0 | 60 5266 5°711°2 92 80 180 23°717:2 71 — 14°8 
200 65 7370 69 37 91 13-2 TT 28 63 163221190 82 — 144 
40 72 8077 69 49 20 94 66 1241 62140113 40 — | 79 
60 95 8050 42 27 25 82 57 1841 53 60 43 35 — 44 
80 93 7637 OF 27 35 90 52 3243 82 29 30 18 — 40 
100 26 20 17 25155 5113738 65 15 27 — | 39 
120 23 3109 19 41 56189 5312324 82 43 55 30 — 47 
140 |65 7139 15 45 49 77 52 1727 Tl 55 36 21 — 42 
160 | 75 4138 29 19 14 7041 (29145 58 33 21 27 37 
180 [45 1318 18 15 OF 59 25 1948 73 51 47 37 — 
200 | 39 1723 19 Il 27 62 28 1252101 Sl 45 34 — 63 
220 | 33 1730 40 32 56 99 44 5743 98 89 22 31 — 57 
240 | 77 4333 41 80114161 79 1226 69 68 30 62 — 51 
260 24 32 7:0 110 84 12625 34 52 58 96 — 53 
(178 3627 23 46 59 30 57 3338 27 56 113 58 
300 |182 10249 45 49 64 66 8011035 26 57 78151125 69 
320 |13°5 121 102 13°9 13-6 100118 2619 30 43 93117 — 60 
340 72 63 69122163171 133113 | 33 60108121 69 37 — 79 
Mean | 86 5743 43 54 67 103 65 (2542 77 80 67 57 — 6-4 

Range |16°3 10:8 15°2 16-4 15°913°5 | 4:7 61 15-4 222169139 — 149 


Explanation of Table I—The first column gives the dates 
to which the varions quantities apply. The next seven columns 
give the mean declinations along the parallels of latitude desig- 
nated at the top, as derived from 18 equidistant scalings (at 
every 20° longitude). It will be noticed that the quantities, 
though small, are invariably positive, i. e. there is a preponder- 
ance of westerly declination along every parallel. This has 
been found to be true also for other dates than given. It can 
be accepted then as a fact and must have a meaning. ' 

The ninth column contains the mean declinations of the 
seven parallels. In looking over the figures it will be noticed 
that they are nearly constant. Whether the slight variation is 
real and not due to imperfection in the data cannot as yet be 
ascertained. 

The following seven columns give the range or total change 
in declination encountered in going along a parallel of latitude. 
For example in 1780, in latitude 60° N. the maximum westerly 
declination (40-0) occurred in longitude 300° E. of Gr. and the 
maximum easterly (30°8) in 220° E., hence, a range of 70°°8 


* This column gives the mean values for the five parallels +40° to —40°. 
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was obtained. A column of mean results is then given which 
perhaps exhibit some periodical inequality. 

The inclination has been similarly treated in the subsequent 
columns. 

There was a suspicion that perhaps columns headed “ Mean” 
exhibited the sun-spot period (114 year). Upon plotting the 
quantities, however, nothing decisive could be discerned. 

From the bottom row of mean results the following laws 
are derived : 


I. The mean declination along a parallel of latitude is 
always westerly, the minimum occurring near the equator; 
the quantities, in general, increase upon leaving the 
equator. 

II. Zhe mean inclination along a parallel of latitude follows 
quite closely the law: 


tan I = 2 tan g, 


I being the inclination and ¢ the geographical latitude. 
III. The minimum range in declination along a parallel of 
latitude occurs near the equator, generally increasing 
upon leaving the equator. 
IV. Zhe maximum range in inclination along a parallel of 
latitude occurs near the equator, generally diminishing 
upon leaving the equator. 


The asymmetry of the mean quantities with respect to the 
geographical equator is, doubtless, to be referred to the eccen- 
tricity of the magnetic axis of the earth. How closely II 
follows the law given can be seen from the following figures : 


Latitude. I obs’d. I comp’d, 0.-C. 
° ° ° ° 
60 N. +75°2 +73°9 +1°3 
40 +59°6 +59°2 +0°4 
20 +34°4 +36°1 —1°7 
0 — 2°3 0°0 —2°3 
20 —36°0 —36'l +0°1 
40 —57°6 —59°2 +1°6 
60 S. —70°6 —73°9 + 3°3 


The theoretical significance of this empirical law will be 
pointed out in the next number. 

Explanation of Table 11.—Here we have given the largest 
secular change in declination and inclination during the epoch 
1780 to 1885 for the 126 hypothetical stations. To illustrate: 
In latitude 60° N. and longitude 0°, the largest declination 
we have recorded occurred in 1842, the amount being 26-0 W.; 
the lowest recorded one we find in 1885, viz: 20°0 W., and 


Am. Jour. So1.—TairD VOL. L, No. 296.—AvGust, 1895. 
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hence, largest recorded change is 6°°0. Similarly, we find 
for the same point the largest change in inclination to be 3°°5. 
It must not be understood that these are the maximum decli- 
nation and inclination changes during the interval 1780-1885. 
To have obtained these quantities it would have been necessary 
to establish interpolation formulz or resort to graphical meth- 
ods. To get results expeditiously I simply took the maximum 
and minimum quantities as they stood in my original tables; as 
only the mean results exhibited at the bottom were employed, 
this rapid method was sufficiently accurate. 

It will be seen that the second last column is left blank 
except for the points 280° and 300° E. The reason of this is, 
that I could not scale safely the inclinations for this latitude 
on Hansteen’s isoclinic chart of 1780. In conseqnence, the 
largest change in inclination during the interval 1780 to 1885 
could not be determined for this latitude. It might have been 
obtained for the epoch 1830-1885, but these quantities would 
not have been strictly comparable with the others. 

The 9th column headed “ Mean” gives the mean largest 
change in declination from 1780-1885 at every meridian 20° 
apart, as determined from the seven- symmetrically situated 
parallels. The last column gives the same quantities for the 
inclination. Here, however, in order not to disturb the sym- 
metry only the five parallels +40°, +20°, 0, —20° and —40° 
could be utilized. Approximately then, we may regard the 
quantities given in these two columns as applying to points 
along the equator 20° distant in longitude. 

The first horizontal row of figures gives as indicated the 
mean of the 18 quantities in each column. The figure 6°4 as 
given in the final column is the mean of the preceding five 
quantities of the row or of the 18 in the column above. The 
bottom row gives the difference or range between the largest 
and the smallest value in each column. 

From this table a number of conclusions can be drawn. I 
shall mention, for the present, only two, preferring to draw 
attention to the others in their proper places. 


V. The minimum average secular change in declination along 
a parallel of latitude from 1780 to 1885 occurred near 
the equator, the values generally increasing upon leaving 
the equator. 

VI. The maximum average secular change in inclination 
along a parallel of latitude from 1780 to 1885 occurred 
near the equator, the values generally diminishing upon 
leaving the equator. 


These two laws* are precisely analogous to Nos. III and IV. 


* It will be noticed that the bottom row of figures giving the ‘ range ” exhibit 
practically the same results. 
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To show that the empirical laws are identical, I have plotted 
the mean quantities for the interval 1780 to 1885, as taken from 
Tables I and II on the accompanying diagram. The inclination 
curves have been inverted. The distribution curves and the 
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secular variation curves are found to run parallel courses. We 
are thus forced once more to our former conclusion, viz: 
that the distribution and the secular variation are intimately 
connected ; they obey similar laws and will hence in all proba- 
bility have to be referred primarily to the same cause. 


Washington City, June 2. 
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Art. XIII.—Complementary Rocks and Radial Dikes ; 
by L. V. Prrsson. 


THE progress of petrological research within the past two 
decades has shown that areas of intrusion of massive igneous 
rocks are very frequently accompanied by smaller, less promi- 
nent intrusions, usually in the form of dikes and _ sheets, of 
rocks which in part are more acid and in part more basic than 
the main bodies with which they are geologically connected. 

The study of the various types of rocks occurring at erup- 
tive centers has shown that they are caused by the differentia- 
tion of igneous magmas, and that this differentiation in the 
main is due to the local concentration of lime, iron, and magne- 
sia, by processes not yet fully understood. By this means arise 
bodies of magma, some relatively richer in silica, alumina and 
alkalies, others richer in lime, iron and magnesia than the 
original fluid from which they were formed. "Phat such differ- 
entiation does take place seems now weil established—in late 
years alarge amount of indirect proof of it has been given 
and quite recently cases have been presented which furnish 
actual demonstrations of the fact.* 

These smaller rock bodies then, if differentiation is admitted, 
are the resultants of a longer and more complete phase of the 
process than that represented by the main masses which they 
accompany, and it follows that they are younger in point of 
age. 
The recognition of the genetic connection between these 
smaller rock bodies and the masses they are found with we 
owe chiefly to Rosenbusch, who perceived the association 
between the dikes of minette and vogesite and the granitic 
areas they accompany in eastern Germany. Rosenbusch, how- 
ever, extended this idea of relationship still further and insisted 
that these smaller rock masses had their appearance strictly 
conditioned, that they typically appeared only in the form of 
dikes and accordingly as the main bodies or stocks which they 
accompanied were composed of rocks of different types, so also 
the dikes varied in type and the correspondence was absolute. 
That is that each kind of stock rock had its own particular 
satellites in the form of special dike rocks. This is, of course, 
well known to all petrographers. , 

Iddings,t+ however, has shown that these smaller, more highly 
differentiated bodies of magma, at eruptive centers, may appear 


* Harker, Quar. Jour. Geol. Soc., vol. 1, p. 311, 1894. Weed and Pirsson, Bull. 


Geol. Soc. Amer., vol. vi, pp. 389-422, 1895. ‘ 
+ Origin Igneous Rocks, Bull. Phil. Soc. Washington, vol. xii, p. 167, 1892. 
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in extrusive forms as well as intrusive ones, but that the min- 
eral composition in each case depends largely on the physical 
conditions under which the magma cooled and crystallized. 
And a priori it does not seem reasonable to expect that such 
bodies of magma should appear only in the form of dikes but 
in intrusive sheets, laccolites, and smaller masses as well, while 
the smaller more highly differentiated magma of one locality 
may be the common type or main one at some other center. 

; Sd in his interesting article on the basic rocks of Gran* 
has shown moreover that the types which these accompanying 
rocks assume are not necessarily conditioned by the type of the 
main bodies and that in the district studied by him camptonites 
and bostonites occur as the differentiation-products of a gabbro 
magma, and are not therefore attached unconditionally to neph- 
elite syenite, as Rosenbusch had previously assumed. 

Bearing the above facts in mind, it is nevertheless certainly 
true that the appearance of these companion rocks at centers of 
igneous intrusion is, as stated at the commencement of this 
article, a very frequent, though not a necessary one. And in 
those localities where the deep-seated rocks have been laid bare 
by erosive dissection, they will most commonly appear as dikes 
and intrusive sheets. It seems to us that to lose sight of, or to 
deny this, is to neglect one of the most useful and important 
features of pion petrology. 

For these accompanying rocks Bréggert has proposed the 
very apt term of “complementary rocks,” meaning thereby 
that the basic forms (the high iron, lime, magnesia, low silica 
type) if combined in correct proportion with the acid ones (the 
high silica, alumina and alkalies) would give the composition of 
the main type of magma which they accompany and from 
which they have arisen by differentiation. Thus they comple- 
ment each other. 

To the basic forms of complementary rocks,—the types rich 
in ferro-magnesian minerals, occurring in this manner,—the 
general term of “lamprophyre” has long been employed. It 
is true that some object to the use of the term in this sense and 
the objections have been well stated by Zirkel in the recent 
edition of his Lehrbuch der Petrographie.t The term is, how- 
ever, insuch common use by the majority of petrographers 
that it would be probably impossible now to displace it. It 
makes less difference what the term is than that we have it and 
use it with a common meaning. The objections to it are based 
almost wholly on etymological grounds and we might as well 
object to the use of “ porphyry ” in a general sense because the 
majority of the rocks to which it is now applied are not red. 

* Quar. Jour. Geol. Soc., vol. 1, p. 15, 1894. 


t Loc. cit. 
Zweite Auflage, vol. ii, p. 341, 1894, 
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What we do need, however, in petrographic nomenclature at 
the present time, is a general term for the acid forms of the 
complementary rocks. By some the term “aplitic form” has 
been used but has never become general. The author would 
suggest in this connection that for these acid types the general 
term of oxyphyre be employed. 

These two terms lamprophyre and oxyphyre should then be 
regarded as correlative of each other, and taken together for 
any one district where such relations exist, they will form its 
complementary rocks. And it is to be understood that these 
terms are not to be used in a specific but in a general sense— 
subjectively, not objectively. It may well happen that a type 
of rock which in one district is a lamprophyre or an oxyphyre 
may in another locality be the main predominant type. And 
of course in many places no such complementary relations may 
exist. 

Radial Dikes.—It is a fact well known to most petrologists 
that eruptive centers are frequently surrounded by mazes of 
dikes. Not only are the central stocks or massives cut by these 
dikes but they ramify outward among the tufis, breccias and lava 
flows, if extrusive action has taken place, or if erosive agencies 
have carried these away, they are found in an outer zone among 
the sedimentaries, often extending for great distances. Insuch 
cases it is often to be noticed that the dikes have a pronounced 
radial disposition with respect to the central stocks with which 
they are connected. Instances of this will probably suggest 
themselves at once to most geologists and a very marked one 
is afforded in the Crazy Mts. in Montana, the radial disposition 
of whose dikes was first observed by Iddings as stated by 
Wolff*. The Livingston sheet of the Geological Atlas of the 
U. 8S. Geological Survey presents in a moct graphic way this 
relation of the dikes in the southern portion of the Crazy Mts. 
Another very remarkable case of these radial dikes is afforded 
by the Highwood Mts. in Montana, an account of which has 
been recently given by W. H. Weed and the author.t+ 

The origin of these dikes is by most geologists referred to 
the shattering of the strata by the force of the volcanic out- 
breaks which gave rise to the center of eruption and the subse- 
quent filling of the cracks by intruded magmas. The idea 
might be illustrated by the disposition of the hole and cracks 
formed in a pane of glass when a missile has been violently 
hurled through it. 

While by no means denying that dikes at volcanic centers 
may be and are formed in this manner, it seems evident to the 
writer that they cannot all have originated in this way, and this 


* Bull. Geol. Soc. America, vol. iii, p. 451, 1892. 
+ Ibid., vol. vi, pp. 389-422, 1895. 
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is especially true in many cases of these systems of radiating 
ones. 

If they were formed, so to speak, initially we should expect 
to find them filled with the same magma as that which forms 
the central stocks. In that case they would form apophyses 
from it. A study of them in several regions has shown, how- 
ever, that they are of later origin than the filling of the central 
stock, that they represent indeed the very latest phase of erup- 
tive activity in the district and that the rocks composing them 
are much more highly differentiated than those of the central 
masses. 

The proof of their later origin is not that they represent 
more highly differentiated material (though this would be indi- 
cative of it) but in the fact that they frequently possess extremely 
dense or even glassy saalbands although they are found in the 
immediate neighborhood of the central stock, cut through . 
apophyses of it or are even found in the stock itself. 

It is in such systems of dikes that the most typical examples 
of complementary rocks, lamprophyres and oxyphyres are to be 
found. 

When a large mass of molten magma is intruded into a 
region of sedimentary beds, a vast amount of heat is spread out- 
ward among the strata in a zone surrounding it. Besides effect- 
ing contact metamorphism this heat must cause a considerable 
expansion in the surrounding material, and expansion which it 
may readily be conceived will seek re-adjustinent in various 
ways. 

As the mass as a whole gradually cools, it must also contract 
and this: contraction will not cause a reversal of the adjust- 
ment process but will seek relief in cracking. Cracks will thus 
occur not only in the cooling mass of igneous rock but in the 
heated zone of sedimentaries as well, and if these are homogene- 
ous we should expect the cracks to assume a more or less radial 
position. 

For the same reason one would expect these systems of 
cracks to be most typical where intrusions have taken place 
into areas of approximately homogeneous and undisturbed strata 
and to be obscure or even entirely wanting when the area has 
been greatly disturbed, faulted, etc., before intrusion and when 
it consists of dissimilar unhomogeneous rock masses. Such 
facts as have come under our observation tend to comfirm this 
view. 

If this hypothesis be admitted it is easy to see how more or 
less radial systems of dikes may arise which are much later than 
the central stocks they surround. 

It is generally considered at the present time by most petrol- 
ogists that the process of differentiation in molten magmas 
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takes place by the diffusion of the oxides of lime, iron and 
magnesia towards the outer cooling margins of the enclosed 
mass. Thus border zones of more basic material are formed 
and accordingly as one portion or the other is erupted at vary- 
ing stages of the process, rocks of different types will be made. 
This assumption has been reached by indirect proof, but recently 
a positive demonstration of it has been shown to occur at 
Square Butte in the Highwood Mts. of Montana.* At this 
locality the mountain has an inner, acid, feldspathic core sur- 
rounded by a broad marginal zone of basic rock rich in ferro- 
magnesian silicates, and a variety of facts and considerations 
prove that it was not formed by two separate intrusions but by 
the process of differentiation in an originally homogeneous 
molten magma. 

While examples are known which seem to be the reverse of 
the process by which the outer margins of the differentiating 
mass become more basic, it may yet well be called the normal 
one. What laws condition it are not yet well known. 

If we now imagine an intrusion of igneous magma to take 
place into the superficial crust of the earth from depths below, 
it can be seen that while the magma is cooling and crystallizing 
and the heated rocks still further cooling and cracking from 
contraction, that during this period processes of differentiation 
can go on in the still liquid material below. If further ejec- 
tions of this differentiated material take place into the cracks 
produced by contraction, dikes, sheets and laccolites of comple- 
mentary rocks will be formed. 

If the differentiation has followed the normal course, it would 
then be reasonable to expect that the acid forms (the oxy- 
phyres) would be most commonly found cutting the central 
stock or in its immediate neighborhood, while the basic forms (the 
lamprophyres) would chiefly occur in the outer zone of sedimen- 
taries as dikes and intrusive sheets. Every geologist will 
recall how common it is to find granite areas cut by dikes of 
aplite, how much rarer these forms are at a distance from them, 
while with basic dikes the reverse holds true. 

Moreover, another factor may contribute to this result. 
While the liquid mass below is cooling it is also becoming more 
viscous and this viscidity would naturally be more pronounced 
in the case of the acid feldspathic portion than with the more 
easily fusible basic one. Hence we should expect to find the 
oxyphyres in greatest amount where the rocks are the most 
intensely heated, that is at the center, and that the lampro- 
phyres, being more liquid at a lower temperature, would be also 
more likely to be erupted and would therefore occur in greater 


* Weed and Pirsson, op. cit. 
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mass volume than the oxyphyres. This relation of volumes 
would also be naturally dependant very greatly on the original 
composition of the magma; the theory is suggested for one of 
medium kind. 

All sorts and modifications of this process may of course be 
expected to occur, but the above expression of it may be 
assumed as the theoretically normal type, whose perfection or 
completeness will depend on local conditions, some of which 
have been indicated above. The writer has offered this hy- 
pothesis as to the formation of complementary rocks and radial 
dikes because it explains best their occurrence at those centers 
which have come under his observation, but he believes it to 
be of general application. 

Mineralogical and Petrographical Laboratory, Sheffield Scientific School, New 
Haven, May, 1895. 


Art. XIV.—Mineralogical Notes; by Wm. H. Hopss. With 
Analyses by Herman Schlundt and Louis Kahlenberg. 


1. Cerussite with superficial film of galena from near Missoula, 
Mont. 


In February, 1894, I received from F. G. Bond, prospector 
at Missoula, Montana, a small specimen described as crystalline 
lead formed on the outside of a crystal. In the accompanying 
letter the following statements are made concerning it: 


“The sample was found in a very soft talco-slate with narrow 
bands of dark limestone running parallel with the slate. The 
slate is cut by a dike of bird’s eye porphyry that I traced over 
twenty miles. It is near this dike that our Iron Mountain mine 
is located.” 


The specimen sent is the only one that Mr. Bond had saved. 
The crystals referred to have a rather long prismatic habit 
with a length of 2-4", and they show reéntrant angles in the 
prism zone, thus indicating that they are twinned individuals. 
They only rarely have terminal planes developed. They are 
white and somewhat translucent, but are partially covered by 
a glistening film of a metallic luster and very great tenuity. 
This thin superficial coating conforms perfectly to the form of 
the original crystal. A preliminary chemical examination 
showed that the material of the crystals is nearly pure lead car- 
bonate. On charcoal in the oxidizing flame of the blowpipe 
the mineral boils and turns red but cools to yellow. In the 
reducing flame it yields a button of metallic lead. The crys- 
tals are completely soluble with effervescence in dilute nitric 
acid. Further examination failed to reveal any base besides 
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lead. A complete chemical analysis of the mineral has been 
made on the small amount of material that could be spared for 
the purpose, by Mr. Herman Schlundt in the Chemical Labora- 
tory of the University of Wisconsin. The results obtained in 
the analysis are given below in column I. Under II are given 
the calculated per cents of PbO and CO, in cerussite, and 
under III a recalculation of the analysis after deducting the 
silica, iron, and alumina which are derived from the gangue at 
the point of attachment of the crystals, and which could not be 
mechanically separated without too much loss of the valuable 
material. 
II. IIL. 
83°52 83°90 
co, 16°48 16°10 
Fe,O, (and Al,0O,)-- ‘ 


100°00 100°00 


The substance was specially examined for other bases with 
negative results. The quantity of sulphur present was too 
small to be estimated in the quantity of substance available. 
The trace of sulphur and the excess of lead in the analysis 
over that in combination with CO, make it probable that the 
superficial coating on the crystals is galena. 

Thanks to their metallic coating the crystals reflect well 
wherever it is present, though in other places they afford hardly 
ashimmer of light. By using a number of crystals complete 
measurement has been possible. The more important angles 
were measured a considerable number of times on different 
erystals. The observed forms are the following: m, »P 
(110); a, » Px (100); 7, » P3 (130); b, oP & (010); ¢, oP 
(001); u, 3P (332); p, P (111); and b, » P§ (380); the last 
mentioned form being, I believe, new to the species. These 
forms were determined by the following measurements : 

Measured. Calculated, 
MA 110A 110 62° 47’ 
110A 130 29 10 
130A 010 
1L0A 010 
110A 100 
110A 382 
110A 111 
110A 001 
110, 380 
110A 110 
MAM... (over gap) 
110, 100 
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With the exception of the face p, which is small, the reflec- 
tions are good. Figure 1 illustrates the habit of an individual 
on which all the forms observed are represented. However, 
most of the crystals are stellate twins composed of three or 
more individuals. Figure 2 shows a cross section of such a 
twin composed of three individuals cut parallel to the basal 
pinacoid. 


As the galena layer is nowhere found on the gangue material 
but occurs only on the surface of the cerussite crystals, it is 
clear that its formation is due to alteration of the cerussite by 
removal of carbon dioxide and addition of sulphur, probably 
through the action of sulphuretted hydrogen. It is therefore 
an Umhiillungspseudomorphose after cerussite. The pseudo- 
morphs of calcite after cerussite from Grube Kautenbach bei 
Bernkastel show in cross sections a paper-thin layer of galena, 
which according to Blum* was formed on the surface of 
cerussite crystals. Calcite has been deposited over this and, 
after the removal of the cerussite, under it also. The Bernkas- 
tel pseudomorphs would thus seem to have been, in their first 
stage of alteration from cerussite, identical with those which 
are here described from near Missoula. 


2, Barite and Mangunite from the Lucy Mine, Negaunee, Mich. 


In the spring of 1894, Mr. J. R. Thompson of Ishpeming, 
presented to the Museum of the University of Wisconsin some 
large specimens of barite and manganite. They were taken 
from the Lucy mine, formerly the McComber mine, at Negau- 
nee, Michigan. This mine is located in the 8. W. cor. of See. 


* Blum, Pseudomorphosen, iii, p. 212. Cf. also Roth, Allgemeine u., Chem- 
ische Geologie, i, p. 188. 


1. 
2. 
ry se23 54° 497 
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6, T. 47 N., R. 26 W., and is on the same vein as that portion 
of the Jackson mine in which manganiferous iron ore has been 
found. Well-crystallized manganite has been found in the 
Jackson mine and has been described by Professor E. 8. Dana.* 

Barite.—The barite from the Lucy mine is fairly well erys- 
tallized but the tabular crystals are arranged radially to the 4 
axis. They average from one to two centimeters in length in 
the direction of the macrodiagonal, the habit being lath-shaped 
in this direction with the base the tabular plane. The forms 
observed are ¢c, oP (001); m,x P (110); a,x Px (100); ad, 

3. 


4P% (102); b, x Px (010); and S,4Px (014)? Particularly 
in the zone of c and @ precise measurements are of little value 
owing to the radial intergrowths of individuals, and hence the 
determination of d is only approximate. In the zone of cand 
4 the following measurements were made : 


Measured. Calculated. 
001A 010 90° 6’ 90° 0’ 
001A 014 17 12 18 12 


The prism is easily determined to be the fundamental one 
m by being found parallel to the second cleavage. 

The crystals appear pink but the color is only superficial and 
is probably due to — as the barite is associated with 


an ore of manganese. Figure 3 shows the usual development 
of the crystals. 

Manganite.—The manganite from the Lucy mine is in quite 
simple crystals, those which are most intimately associated with 
the barite crystals being bounded simply by the fundamental 
prism and the base. The prism angle was measured by reflec- 
tion and found to be 80° 4’, the calculated value being 80° 20’. 
These crystals are of columnar habit, 5-8™" long, and usually 
of later formation than the barite. Other specimens of the 
substance less intimately associated with barite show crystals 
of a slightly different habit, the obtuse prism angle being trun- 
cated by the macropinacoid which has a large development. 
Rounding of the edge am and of the basal plane indicate the 
occurrence of indeterminate macroprism and _ brachydome. 
Figures 4 and 5 represent the type of manganite crystals from 
this locality. 


* System of Mineralogy, 6th Ed., pp. 248 and 249. 
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An analysis of this mineral has been made by Mr. Herman 
Schlundt, Assistant in Chemistry at the University of Wiscon- 
sin, with the results given below in column I. In column II 
is given the theoretical composition of manganite and in col- 
umn III the recalculated analysis with barium, calcium and 
magnesium, and hygroscopic water deducted. 


4, 5. 


H,O (Hygroscopic) 
H,O (Combined) 
BaCO, and CaCO, -.--- 


27°34 


100°30 100°00 


A specimen of manganese ore from the Bonnie mine, Michi- 
gan, recently donated to the University of Wisconsin by John 
E. Burton, Esq., of Milwaukee, is quite pure manganite. A 
portion of the specimen exhibits rounded orthorhombic crystals 
not unlike the Lucy mine crystals, but these are less perfect 
and altogether unsuited to measurement. 


3. Chloritoid from blocks on the South Shore of Michigamme 
Lake, Michigamme, Mich. 


This mineral is included in specimens of a phyllitic schist 
which were collected by Dr. Van Hise from blocks on the south 
shore of Michigamme lake, Michigamme, Michigan. The 
blocks are very abundant and are often as large as a good sized 
room. Professor Van Hise feels sure that the rock will be 
found tm situ in the near vicinity of the blocks, probably in 
the bed of the Michigamme river. 

Thin sections of the rock show it to be largely made up of a 
colorless mica in fine scales, through the mass of which are dis- 
tributed large flakes of biotite. The latter are not arranged 
with reference to any particular direction, but sometimes assume 


I. IT. ITI 
‘06 
10°04 10°24 10°39 
‘58 
O (Calculated)......--. 26°35 27°25 
100°00 
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radial groups. They are many times the size of the musco- 
vite scales and are probably like the chloritoid metamorphic in 
their origin. A few acicular crystals of black tourmaline from 
a third of a centimeter to a centimeter in length occur in the 
mass of the rock and also as inclusions in the | large chloritoid 
erystals. Irregularly outlined masses of magnetite are likewise 
to be found both in the chloritoids and in the matrix of the rock, 
but those which are included in the chloritoids are surrounded by 
a zone of quartz, which was probably formed at the same time as 
the chloritoid as one of the products of the reerystallization of that 
portion of the rock now occupied by the large crystals of chlo- 
ritoid and its inclusions. Besides the large. porphyritie chlo- 
ritoids, which are at times six centimeters or more across, a 
few small blades are disseminated like the biotite through the 
rock mass. 

The porphyritic crystals of chlor‘toid are tabular parallel to 
the base, of hexagonal outline, and are on an average about one- 
third as thick as they are long or broad. Their hardness is 
between five and six of Mohs’s scale. That they are generally 
twinned is seen in the examination of the hand specimen by 
the variation in the position of the plane of basal cleavage in 
different parts of the same crystal. In at least one specimen 
the twinning line is straight and runs parallel to one of the 
lateral faces es Px). Before the mineral had been examined 
in section and the nature of its enclosures had been determined, 
a specimen was submitted to Mr. Louis Kahlenberg of the 
Chemical Laboratory of the University of Wisconsin for chemi- 
cal analysis. His results, which are given below, are therefore 
much affected by the included quartz and magnetite, which 
might have been excluded by treatment with the magnet and 
dissolving the residue as far as possible in sulphuric acid. The 
results are, however, sufficient to determine the mineral as 
chloritoid and are nearly identical with an analysis by Jackson 
of masonite from Natic, R. L, which like this was probably 
impure from admixed quartz and magnetite. 


5°85 
1°38 
5°94 
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To determine the optical properties of the mineral a large 
twinned crystal was sawed so as to make three thin sections ; 
the first parallel to the basal cleavage of a considerable part of 
the crystal (oP), the second normal to this section and _ parallel 
to the noticeable straight twinning line and its parallel edge 
(« Px ), and the third normal to the first two sections (# P= ). 
From an examination of these sections it was determined that 
the mineral is either monoclinic or triclinic with a close approach 
to monosymmetric character. The basal cleavage is very per- 
fect and a second distinct cleavage runs parallel to either a 
steep pyramid or a prism, for the two directions are inclined 
about 120° to one another and about 90° to the base. A third 
irregular cleavage follows the clinopinacoid. The index of 
refraction is high and the double refraction very low. The 


6. 


plane of the optic axes bisects (nearly) the obtuse angle of the 
cleavage and the positive bisectrix (probably obtuse) is nearly 
normal to the base. The absorption is: 


a olive green to greenish gray. 
b deep robin’s egg blue. 
¢ light yellow green. 

with b> adc 


The crystal is polysynthetically twinned so that the “ ortho- 
pinacoidal” section afforded lamelle corresponding to three 
positions—one of which has parallel extinction, and the other 
two have extinction angles of 14-24° on opposite sides of the 
basal cleavage lines (see Fig. 5.) This corresponds to the 
Tschermak law where the individuals are inclined 120° to one 
another. These three sorts of lamellz are also observed on the 
“ clinopinacoidal ” section. 


oP 
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4. Apatite and Hessonite in a Pegmatite from Canaan, Ct. 


South of the Canaan Valley post office and east of the small 
stream known as the Whiting river in the township of Canaan, 
Ct., the gneiss of the district is cut by veins of pegmatite in 
which occur several crystallized minerals. As the locality has 
not been described the minerals of these veins may deserve a 
passing mention. The most abundant of these are a white feld- 
spar which sometimes appears in crystals having dimensions of 
as much as eight inches, and a green or colorless muscovite in 
elongated hexagonal crystals measuring several inches on an 
edge. These muscovite plates frequently enclose quartz in 
bi-pyramidal crystals in form and size much resembling the 
well known quartzes from Edwards, N. Y. Biotite is less 
abundant than the muscovite and occurs in small black plates. 
Crystals and aggregates of black tourmaline as large as one’s 
fist are not rare. A cinnamon-colored garnet is found some- 
times in distinct crystals as much as a half-inch in diameter, 
sometimes intergrown with the feldspar so as to produce a 
structure resembling graphic granite. One crystal of green 
apatite was found which was over two and a half inches in 
length and an inch in diameter. It was broken in removing 
from the rock, but the fragments show the crystal to be 
bounded in the prism zone by both the first and second order 


prisms in about equal development. A more careful examina- 
tion of the locality would perhaps reveal other minerals. 


Art. XV.—Calaverite from Cripple Creek, Colorado; by 
W. F. 


THE occurrence of tellurium in the ores of the mining dis- 
trict of Cripple Creek, Colorado, has been known from an 
early day in the as yet brief industrial history of that region. 
That it was, in part at least, associated with gold was likewise 
known from the observance of a crystallized gold-tellurium 
mineral. Although the ores of the district are chiefly gold 
carriers, they contain also a little silver, and since recognized 
silver minerals had not been observed, or at most only in minute 
amount, it seemed probable that the silver was associated 
with the gold in the tellurium compound. Indeed, Mr. R. 
Pearce, of Denver, came to the conclusion, from his examina- 
tion* of certain ore concentrates, that this mineral was sylvan- 
ite. It is, however, of very sparing occurrence, so that it was 


* Proc. Colo. Sci. Soc., Jan. 8, and April 5, 1894. 
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only by dint of much effort that material in sufficient purity 
for decisive tests was obtained by Prof. R. A. F. Penrose, Jr., 
who transferred it to me for chemical examination. The 
material was derived from three different mines in order to 
ascertain whether it was of constant or varying composition, or, 
in fact, whether there might not be more than one specific tel- 
luride. That the composition does vary within narrow limits 
the analyses show, but there is no reason apparent for assum- 
ing more than one species. 

The material from the Prince Albert mine, the first received, 
was with little trouble brought into an almost ideal condition 
of purity. It was in part apparently fairly well crystallized, 
but the measurements made by Prof. 8. L. Penfield, of New 
Haven, are unfortunately not decisive as to the system of erys- 
tallization, as shown by his notes at the close of this paper. 
The specific gravity of this material was 8°91 at 24° C., which 
becomes 9°00 when corrected for a small admixture of silico- 
ferruginous gangue of assumed specific gravity 2°70 (probably 
low). The other samples were imperfectly er vetallized and 
held too much foreign matter of uncertain composition to 
make specitic gravity determinations of any value. 


ANALYSES OF CALAVERITE. 


Il. ITI. 
Prince Albert Raven Cc. O. D. 
Mine. Mine. Mine. 
Tellurium (Te) 
Silver (Ag) 
Insoluble 
Ferric oxide (Fe,O,) 
Iron (Fe) 
Sulphur (S) ‘58(2°96 FeS,) 
Manganese (Mn) 
Calcium (Ca) 
Magnesium (Mg) 
Oxygen, Fluorine and Solu- } 
ble Silica by difference -. { 


or 


99°88 100°47 


Selenium has been reported to occur in traces in the district,| 


; *This was included with the insoluble matter in arriving at the corrected 
ensity. 

+ Calculated from the Fe to make FeSz. 

As MnO,? 

$A part of the calcium found in solution was derived from fluorite, whieh 
likewise constituted some of the insoluble matter in this instance. 

| F. C. Knight, Proc. Colo, Sci. Soc., Oct. 1, 1894. 


Am. Jour. Sct.—Tairp Series, Vou. L, No. 296.—Avueust, 1895. 
9 


8100-00 


130 W. Millebrand—Culaverite from Colorado. 


but it could not be detected in the amount of mineral taken 
for the above analyses. 

Excluding everything but gold, silver, and tellurium and 
recalculating to 100, the following comparison is obtained : 


ratio. as. ratio, ratio. 
2°01 57°40 2°05 57°30 2°09 


100 49°83. 41°89 


1°77 | 90 


100°00 100°00 


The ratio here obtaining is that for sylvanite and calaverite, 
but the very low percentage of silver shows that the mineral is 
calaverite. Indeed the first analysis agrees aimost exactly with 
Genth’s analyses of the species. ‘Interesting is the slight varia- 
tion in the ratio between gold and silver, and the very low per- 
centage of silver in the mineral from the C. O. D. and Raven 
mines. Calaverite, the lowest silver carrier of the gold-silver 
tellurides, has not heretofore been known to carry less than 
three per cent of silver. 

The pyrognostic characteristics of the mineral from the 
Prince Albert mine were essentially those ascribed to calave- 
rite. In the closed tube it fuses, giving a white coating near 
the assay, and a globular gray coating just above, which latter 
by strong heat can bein part driven higher up, leaving the glass 
covered with the same white fused coating as lower down. 
This latter is yellow while hot. On charcoal the mineral fuses 
with a green flame, giving a white coating and similar fumes, 
and leaving a yellow bead. The color is pale bronze-yellow, 
in powder “greenish gray. The hardness is not less than and 
perhaps a little over 3. Specific gravity, as given above, 9:00. 

The identity of the telluride occurring at Cripple Creek, 
which in oxidizing gives free go!d and oxidized tellurium com- 
pounds* seems thus satisfactorily established, but unless there 
is another richer in silver the mode of occurrence of the silver 
in some of the ores is still in large part unaccounted for. It 
may be derived from a very rich argentiferous tetrahedrite of 
which Prof. Penrose submitted a small specimen for identifica- 
tion. This carries over eleven per cent of silver, but is said 
to be excessively scarce and therefore hardly to be considered 
in this connection, unless indeed this should have been the 
original source of most of the silver and later have suffered 

*From tests made by myself on a number of specimens collected by Prof. 


Penrose the combination seems to be chicfly if not altogether with iron, but 
whether as tellurite or tellurate could not be ascertained. 


Te 57°60 
Au 39°17) 
Ag f 
100°00 
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oxidation to a great extent whereby the silver has become more 
evenly distributed throughout the ore. 

Professor Penfield has kindly contributed the following 
notes on the crystallography of the mineral : 

“The crystals of calaverite which were examined were 
developed with prismatic habit, but the prismatic zone was 
striated to such an extent that it was impossible to identify a 
single face in the zone, and on the reflecting goniometer almost 
an unbroken band of signals was obtained in a revolution of 
360°. Owing to oscillatory combinations the crystals were 
also much distorted, so that they did not present regular cross 
sections. 

The prisms were attached so that doubly terminated ones 
were not observed, while the faces at the free end were small 
and developed with so little symmetry that after a study of a 
number of crystals it was found impossible to determine with 
certainty the system of crystallization. 

The crystals do not exhibit the perfect cleavage ascribed to 
sylvanite and krennerite, but are similar to the former in some 
of their angles. When placed in position to show their rela- 
tion to sylvanite they have their prismatic development paral- 
lel to the 6 axis. One erystal, which owing to its development 
was more carefully measured than any of the others, was 
apparently a twin about 101, and showed at the end the forms 
and 110. The measurements compared with the corre- 
sponding ones of sylvanite are as follows: 

Sylvanite. 
111A(111) over twinning plane 93° 35’ 94° 30’ 
110, (110) 35 2 34 43 
110A 111 36 35 
110A 111 in twin crystal 36 33 37. 3 


Other forms which were measured could not be referred to 
the sylvanite axes, and it seems probable from their develop- 
ment and lack of symmetry that the crystals are triclinic; but 
no satisfaction was obtained after a long and careful study of 
the limited supply of material on hand. 

In conclusion, therefore, it may be stated that the crystals 
are probably triclinic, but near sylvanite in angles and axial 
ratio.”’ 

Laboratory of the U. S. Geological Survey, Washington, D. C., May, 1895. 
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Art. XVI.—WNotes on Convenient Forms of Laboratory 
Apparatus ; by D. ALBERT KREIDER. 


[Contributions from the Kent Chemical Laboratory of Yale College—XLIL. | 


Hot Filter—A convenient and satisfactory hot filter, so 
indispensable in many laboratory processes, may be easily 
improvised whenever steam is available, in the form which 
appears in fig. 1. It is always ready ; hot ata moment’s notice, 
and without a flame to endanger the fil- 
tration of combustible substances. The 
encasement for the funnel is made by 
removing the bottom of an ordinary flask 
of suitable size in the well known way of 
starting the crack with a scratch of a file 
and then directing it by applying a piece of 
iron heated to redness. Flasks unfit for 
other purposes may be utilized in this way 
and they are more serviceable than large 
glass funnels, because of the tendency of 
the latter to crack if cold when the steam is 
turned on. The neck of the flask is closed 
by a stopper containing perforations for the 
funnel, steam and waste tubes; the latter 
of which, in the absence of a drain pipe, 
may lead to any convenient receptacle. By 
prolonging the conducting tube of the 
steam somewhat above the level at which the condensed water 
is drawn off, higher temperature will be attainable and spatter- 
ing avoided. Escape of steam with the water is prevented by 
the turn in the waste pipe. When steam taps are not accessi- 
ble, steam may be applied from a wash-bottle. 

Valve.—In forcing a liquid or gas indifferent to rubber 
from one vessel to another, the ordinary Bunsen valve is 
apt to collapse in such a way as to permit a back flow. I 
have found that a stout glass tube of desirable size, sealed 
at one end and drawn out with an opening in the restric- 
tion, as indicated in figure 2, and a piece of rubber tubing 
containing a smooth slit placed over it, makes a valve in 
which collapse is impossible, and the power of which in- 
creases with the pressure to be overcome. That a valve similar 
in appearance to the one here described has been used, is not 
unknown to me: but the similarity is confined to the appear- 
ance, as will be evident from the following description: The 
restriction should not be greater than is necessary to leave a 
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small space between the tube and the rubber when the latter is 
loosely drawn over it: but in order to work easily, should be 
long enough to permit a slit of about a centimeter’s length to 
close tightly, which will require it to be about twice the length 
of the slit. A slit one centimeter long will be found to open 
under very slight pressure, and to aceomplish its purpose it is 
only required to close sufticiently for the external pressure to 
force the rubber against the opening in the tube. This open- 
ing should be carefully rounded and a little higher rather than 
any lower than the surrounding glass, and is better made before 
sealing the end, in order to keep the tube perfectly straight. 
The rubber should fit tightly about the larger parts of “the 
glass tube and be put on with care to have the smoothly cut 
slit straight and loose enough to close tightly. If the slit is 
placed about 90° from the opening in the tube, sufficient space 
will remain to permit the escape of the gas or liquid, but the 
moment the pressure outside becomes greater than that within, 
the rubber will be pressed tightly over this opening and thus 
a return made impossible. When dry the valve was found 
not to resist high pressure perfectly ; but when wet, or better 
when both glass and rubber, including the slit, were moistened 
with elycerin, a column of mereury 730™" high was held for 
several days without changing more than the barometer. The 

valve thus lubricated with gly cerin when used as a protection 
in an ammonia wash-bottle, will prevent absolutely the access 
of ammonia to the mouth, and if made according to the direc- 
tions will act with very little pressure. Placed in the connec- 
tion between the vacuum flask and water pump ordinarily used 
in filtration, it has been found a valuable check on the valve of 
the pump, and when the latter was impotent this device pre- 
vented any water being drawn into the filtrate. In a process 
soon to be published, in which a partial vacuum is used, this 
valve holds the vacuum in continual readiness and adds greatly 
to the convenience of the process. 

Force Pump.—By adjusting two of the valves 
just described to the opposite extremities of a T- 
tube, with the ieslenial limb enlarged or sealed to 
a larger tube so as to permit the attachment of a 
large and stout piece of rubber tubing closed at one 
end, as shown in fig. 3, a convenient and powerful 
little force pump is obtained. A small bore, stout 
T-tube is cut off short at the two ends at right 
angles to one another: to one is sealed a tube just 
large enough to permit the insertion of a valve; to 
the other, a large tapering tube, slightly lipped so 
as to hold a piece of rubber tubing firmly and allow 
of tying the latter if necessary. Of the third end 
of the tube, a valve like that shown in fig. 2 is made. 
The compressing rubber should not be of greater 
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length than the hand is able to cover completely and may be 
closed with a glass stopper selected to fit tightly. Providing 
the space through the T-part is kept at a minimum compared 
with that of the compressing rubber, rapid pumping will be 
found possible and the power limited only by the strength of 
the user’s grip. A column of water was quickly raised and 
forced from the top of a tube sixteen feet in length. The 
apparatus will be found convenient in the absence of a regular 
a and can be quickly constructed of materials always at 
and. Originally it was made, in about fifteen minutes, of a 
T-tube to which the necessary enlargements were connected by 
rubber tubing and the unused space filled by a glass rod. The 
valves may be inserted directly into the ends of the compress- 
ing rubber, but the form shown in the figure will be found 
more serviceable. By attaching the lower end to a tapering 
tube as shown, the pump is easily inserted into any sized per- 
foration of a stopper and adds greatly to its convenience. 

The pump has been found serviceable in various applica- 
tions. For filling burettes it will be found more advantage- 
ous than the siphon plan. The standard solution bottles 
are fitted with two-holed stoppers from one of which a tube of 
sufficient length is bent so as to reach into the burette. The 
pump can be applied to various bottles by the adapter shown 
in the figure and the solutions forced into the burettes. To 
prevent any evaporation in the tube a glass stop-cock may be 
inserted. On several occasions it has been applied to a Kipp 
generator in which higher pressure was momentarily required. 
In various other ways it has been found a useful piece of 
apparatus. 
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Art. XVII.—Contributions from the Gray Herbarium of 
Harvard University, New Series, No. IX; by B. L. 
Rosinson and J. M. GREENMAN. 


On the Flora of the Galdpagos Islands, as shown by the 
collection of Dr. G. Baur. 


WHILE exploring the Galapagos Archipelago in the summer 
of 1891, Dr. George Baur secured, besides zodlogical specimens, 
a large collection of plants. The latter have recently been 
determined at the Gray Herbarium and for various reasons 
possess considerable interest. They furnish in several cases 
more copious material of hitherto imperfectly known forms 
and, as is to be expected, contain a certain number of new 
species. Furthermore Dr. Baur visited not only all the islands 
hitherto explored but extended his collecting to no less than 
eight others, from which, so far as can be learned, no plants 
have been secured, or at least reported. It is well known not 
only that the archipelago possesses a peculiar and remarkable 
vegetation, but that the different islands exhibit in their floras 
a striking individuality. It has been accordingly a matter of 
interest to compare the forms of the newly explored islands 
with those of the others for some time known through the col- 
lections of Darwin, Edmonstone, Macre, Douglas, Scouler, 
Andersson and Agassiz. 

While upon some of the smaller islands Dr. Baur collected 
only a few species, enough material is at hand not merely to con- 
firm strongly the view that almost every island has its peculiar 
species and varieties, but to show clearly that even plants, 
which must pass as the same species, often exhibit, when found 
upon several islands, more or less striking racial differences. 
These facts, while in other respects noteworthy, derive a special 
interest from their relation to the probable origin of the flora 
of the group. Regarding the fauna Dr. Baur has in several 
recent articles called attention to peculiar harmonic relations 
existing between the forms of the different islands, and has 
argued from zodlogical grounds that the islands must at one 
time have been united, not only with each other but with the 
mainland near Central America. This view has been severely 
criticised by several writers, but no one has attempted to 
account for the peculiar distribution of differing, yet closely 
related forms upon the islands, and as the subject is one which 
merits further attention, it seems worth while to present the 
botanical data in some detail. : 

Perhaps no species to be found upon the different islands 
better illustrates the noteworthy racial divergence in related 
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formsthan Euphorbia viminea Hook. fil. This species differs 
markedly in foliage from any other known member of this 
large genus, and is characteristic of the Galapagos Archipelago. 
Being essentially a desert plant, it can subsist even upon those 
islands of the group which are of low altitude and do not 
attain the upper regions of moister atmosphere. It was first 
collected by Macree upon Albemarle, rediscovered by Anders- 
son on Charles Island, and has now been collected by Dr. 
Baur upon the following islands: Barrington, Chatham, South- 
ern and Eastern Albemarle, James, Jervis, Bindloe, Tower, and 
Abingdon. Even the most cursory inspection of the forms from 
these different islands discloses marked variation in the contour, 
size, thickness, rigidity, and color of the leaves, as well as in 
the length of the internodes, color of the stems, ete., while 
more careful examination shows that these are not mere indi- 
vidual differences, due to chance, state of development, or indi- 
vidual environment, but each form appears in general to be 
restricted to a single island. Some forms, such as those of 
Abingdon and Tower Islands, differ rather strikingly from the 
rest, while others present slighter differences; in a few cases 
so slight, that a series of careful measurements is necessary to 
demonstrate their existence. But the examination of a con- 
siderable number of specimens, such as those secured by Dr. 
Baur, shows that the species, as it occurs upon each island, 
differs in some characteristics, slight or more considerable, from 
the forms of all or nearly all of the other islands, and further- 
more each island appears to have only one form of its own. 
The question at once presents itself, if this archipelago is 
composed of islands of elevation, built up from the sea-floor 
independently by voleanic action, how has such a distribution 
been effected. If the vegetation has been derived from the 
mainland by the chance transportation of seeds, it is quite 
impossible to believe that each island has received a slightly 
different form of the same species, and we are forced to the 
much more natural assumption that racial and varietal diver- 
gence has come about after the introduction of the species 
upon the islands. Now, continuing the supposition that these 
are islands of elevation, the seeds of Huphorbia viminea must 
have reached them in one of two ways; either each of the nine 
islands, where we know the species now to occur, must have 
received its seed directly from the mainland or, what is much 
more natural, seed must have reached one or more of the 
islands and from these spread to the rest. That the same 
species should have reached all these islands presupposes a con- 
siderable facility of transportation. But as soon as this is 
granted it is impossible to understand the highly individual 
development of the forms upon the different aa. For rel- 
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ative or complete isolation seems necessary to account for the 
racially divergent floras of the islands; and especially for the 
occurrence of only one form upon each island. It would thus 
appear necessary, in accounting for the present distribution, to 
assume that at one time in the remote past the islands were 
either united, or at least that the channels which separate 
them were less formidable barriers to seed-transportation than 
at present, so that a general distribution of species could have 
been effected ; and that subsequently, as the islands separated, 
or as the channels through some change of currents, or other 
cause, became less easily passed, an era of much greater isola- 
tion of the floras of the different islands came about. The 
divergence of character of the vegetation would then begin at 
once and the otherwise unaccountable existence of a single and 
peculiar form upon each island would be readily intelligible. 

While not prepared to make any positive assertion regarding 
the probable origin of the islands, the authors fail to see in the 
hitherto generally accepted theory of elevation any satisfae- 
tory explanation for the harmonic yet divergent floras of the 
different members of the group. Upon Dr. Baur’s assumption 
of a former union between the islands, and subsequent separa- 
tion by subsidence, not only is explanation possible, but the 
existing flora of the archipelago is just that which would most 
naturally result from snch an origin. A former union of the 
islands would account at once for the occurrence of identical 
ancestral species upon the different members of the group, and 
the subsequent separation give the needed isolation for varietal 
and racial divergence, while the latter could not have come about 
if a continual interchange of seed were taking place from 
island to island. 

Regarding a former land-connection with the continent, 
which would certainly offer much greater geological difficulties, 
the botanical evidence is still too vague to merit regard. The 
affinities of the vegetation of the upper, moister portions of 
the islands are doubtless, as has been assumed, with the floras 
of Columbia, Central America, Southern Mexico, and the West 
Indies, while much of the desert flora of the lower regions has 
doubtless been derived from the arid regions of Chili and 
Peru. But so far as botanical data are concerned this could 
have come about either by migration by land or by transporta- 
tion by oceanic currents and, as the latter still exist, it seems 
unnecessary to assume the former. However, upon this point 
the evidence from the vegetation appears to be still whelle 
indecisive. 

The harmonic relation of the floras of the different islands, 
which, as we have seen, appears to have such an interesting 
bearing upon the former possible connection of the islands 
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with each other, is shown not only by Luphorbia viminea, 
but by various other endemic species and groups of species of 
the same and other genera and orders. 

All the Galapageian species of Huphorbia for instance, with 
the exception of 4. amplewicaulis Hook. fil., form a closely 
related group, doubtless having a comparatively recent com- 
mon ancestry; but most of these forms are characteristic of 
particular islands. The same is eminently true of the differ- 
ent species of Acalypha. The Borreriw of the Galapagos 
Islands also form, for the most part, a close group of very 
nearly related species, or perhaps better, varieties of one 
polymorphous species, all of which have probably diverged 
from a uniform parent stock after the separation of the 
insular floras from that of the mainland and from each 
other. Here, however, we find in some instances the same 
form upon two or more of the islands, as though transpor- 
tation of the seed had offered somewhat less difficulties 
than in the case of Luphorbia viminea. ‘The peculiar interest 
which attaches to the individual occurrence of these nearly 
related forms of various groups upon the different islands, 
certainly warrants the publication of the following more 
detailed descriptions and complete list of Dr. Baur’s plants. 


The forms of Huphorbia viminea Hook. fil. are as follows: 

Forma ALBEMARLENSIS(typica). Internodes 4 to 54 lines long: 
leaves of the stem and of the slender elongated branches 2 to 54 
lines long, half line broad, reddish in the dried state and usually 
paler beneath, linear with dilated rounded rarely retuse tip ; 
margins except near the apex strongly revolute; leaves of the 
fascicles and scarcely developed branchlets similar but only 1 to 2 
lines long and more distinctly retuse at the apex.—Albemarle 
Island ; collected first by Macrae, and again by Dr. Baur on the 
southern end of the island in July, and on the eastern side in 
August, 1891. 

Forma Jacozensis. Internodes 3 to nearly 6 lines long: leaves 
of the stems and branches 3 to 6 lines long, half a line broad, 
scarcely dilated at the apex ; fascicled leaves as in the preceding. 
—Collected by Dr. Baur near Orchilla Bay, James Island, 1891. 
— from the last by its slightly longer and less dilated 
eaves. 

Forma CasTELLANA. Internodes 24 to 4 lines long: leaves of 
stem and branches 3 to 4 lines long, three-fourths lines broad ; 
a line in width at the dilated apex, truncate and retuse, much 
firmer and thicker than in any of the other forms, very pale above, 
whitened beneath; fascicled leaves very short, 1 to 14 lines long. 
—Collected on Tower Island, by Dr. Baur, September, 1891. 

Forma CuatHaMeEnsis. Internodes from 3 to 54 lines long: 
leaves of the stem and branches 4} to 7 lines long, half line broad, 
slightly dilated at the truncate or often retuse tip, pale in the 
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dried state; fascicled leaves numerous, 14 to 3 lines long, retuse.— 
Collected on Chatham Island, lower region, southwest end, by 
Dr. Baur, June, 1891. 

Forma Caro.ensis. Internodes from 3 to 5 lines long: leaves 
of the stem and branches 5 to 104 lines long, narrowly linear, 
not at all dilated but merely rounded at the tip, more slender 
petioled than the preceding forms.—-Collected on Charles Island, 
by Andersson, 1852. 

Forma BaRRINGTONENSIS. Closely approximating forma Alde- 
marlensis but having leaves commonly longer, 6 to 12 lines in 
length.—Collected on Barrington Island, by Dr. Baur, July, 1891. 
Essentially the same form, although much paler, in the dried 
state, was collected on Bindloe Island by Dr. Baur, September, 
1891. 

Forma JERvENsIS. Internodes 34 to 6 lines long: leaves of the 
stems and branches narrowly linear, slightly dilated at the tip, 8 
to 13 lines long, half a line broad ; the fascicled leaves few and 
much shorter.—Collected on Jervis Island, by Dr. Baur, 1891. 
Chiefly distinguished from the other forms by its long narrow 
leaves, which in the dried state are very pale. 

Var. ABINGDONENSIS. Internodes from 5 to 10 lines long: 
leaves of stem and branches 10 to 15 lines long, linear spatulate, 
very gradually dilated, half a line broad near the base, 1} lines 
broad toward the rounded and indistinctly apiculate apex, pale 
above, whitened beneath.—Collected on Abingdon Island, by Dr. 
Baur, 1891. This form is so well-marked as to merit varietal 
rank, 


In specimens of Luphorbia articulata Ands., collected on 
Charles, James, Albemarle and Bindloe Islands, no satisfactory 
formal or racial differences could be detected. The Acalyphas, 
with the exception of the new A. Bawrii, belong to a small 
group of closely related forms, regarded by Andersson as spe- 
cies; but by Miller Arg. these so-called species are reduced to six 
varieties of A. parvula Hook. fil. From accounts of previous 
collectors and from numerous specimens in Dr. Baur’s collec- 
tion, it appears that none of these species, as distinguished by 
Andersson, have a general distribution; while A. reniformes 
Ands., A. diffusa Ands., and the typical A. parvula Hook. 
fil. are each confined to a single island. The other species in 
essentially the same form occur upon two or more islands. 


In Amarantus sclerantoides Ands. a racial variation has 
been noted similar to that in Huphorbia viminea. The type 
of the former was collected on Charles Island by Andersson 
and has narrow linear leaves 34 to 8 lines long, scarcely a line 
broad, somewhat dilated at the apex. Two forms collected by 
Dr. Baur upon Chatham and Hood Islands differ perceptibly 
in foliage as follows :— 
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Forma CuatTHaMeEnsis. Leaves shorter and broader at the tip, 
24 to 5 lines long, a little over a line broad at the apex.—Col- 
lected on Chatham Island, lower region, southwest end, June, 1891. 

Forma Hoopensis. Somewhat nearer to the above form than 
to the type but with leaves less dilated at the tip.—Collected on 
Hood Island, July, 1891. 


Besides the forms mentioned, Dr. Baur’s collection contains 
the following new or otherwise noteworthy species : 


HyprocoryLe umBELLATA L. A form apparently of this 
species was collected in the upper region of Chatham Island at 
the southwest end, June, 1891. It differs from the typical form 
only in its shallowly repand dentate rather than crenate leaves. 

Borreria Bauru, Slender, ascending: stems weak, a foot 
or so long, branched, terete, slightly woody at base, covered with 
a grayish cortex below; branches ascending, finely puberulent or 
nearly glabrous, 4-angled ; internodes much exceeding the leaves: 
the latter sessile, spreading, ovate to ovate-lanceolate, acute, his- 
pid-ciliate on the revolute margins, slightly scabrous or quite 
smooth above, paler and almost or quite glabrous beneath, 24 to 
34 lines long, ? to 14 lines broad, acutish and with short pungent 
mucronation : flowers minute, 3 or 4 in each of the axils of the 
upper leaves: calyx teeth ovate, acute, hispidulous, erect in fruit, 
a little exceeded by the corolla: lobes of the latter recurved : 
throat pubescent : fruit hispidulous: seeds black, strongly con- 
cavo-convex, finely pitted, shallowly and longitudinally channeled 
upon the dorsal surface.—Collected in the lower region of Chat- 
ham Island at the southwest end, June, 1891. Most nearly 
related to B. ovalis Ands. 

BorreriA Stems slender, ligneous, covered 
with roughish fuscous cortex; branches approximate, ascending, 
densely pubescent, leafy; internodes short but usually exceeding 
the leaves : the latter ovate-oblong, 2 to 3 lines in length, 1 to 14 
lines in breadth, with smaller ones fascicled in the axils, obtuse, 
covered upon both surfaces with dense grayish and somewhat 
scabrous pubescence; margins strongly revolute; midrib promi- 
nent beneath: flowers about 2 in each of the upper axils: calyx- 
lobes erect, acute, about equalling the corolla, rough-pubescent as 
is also the fruit.—Collected on Duncan Island, August, 1891. 
Apparently nearest B. divaricata Hook. fil. 

Borreria Pacirica, Fruticose: stem terete, ligneous, cov- 
ered with smoothish grayish brown cortex; branches many, elon- 
gated, ascending or widely spreading, mostly simple, with a close 
fuscous and scabrous puberulence, especially upon the four salient 
angles; internodes usually considerably exceeding the leaves: the 
leaves oblong-lanceolate, sessile, acute, mucronate, scabrous above, 
glabrous or nearly so beneath, 3}-6 (-8) lines long, scarcely a 
third as broad, and with smaller leaves fascicled in the axils; 
margins revolute; midrib prominent beneath; stipular sheaths 
with about 5 setaceous teeth upon each side: flowers 2 or 3 
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together in the axils: calyx-lobes lanceolate, acute, mucronate, 1 
to 14 lines long, about equalling the corolla: fruit with scattered 
grayish pubescence.—Collected on Indefatigable Island, south of 
Conway Bay, August, 1891. 

The three species of Borreria here described were distributed 
as Spermacoce Buurii, 8S. Galapageia, and 8S. Pacifica, respec- 
tively. 

ERIGERON TENUIFOLIUS Hook. fil.? Specimens corresponding 
in most essential characters with Hooker’s description (Enum. PI. 
Galap., Trans. Linn. Soc. xx, 207), were secured on South Albe- 
marle Island, July, 1891. The leaves, however, are 14 to 3 inches 
long and # to 1 line broad, being accordingly nearly twice as large 
as in the type. Furthermore the tubes of the disk flowers are 
glabrous. Without a comparison with the type it is impossible 
to say whether the present plant is identical with it or represents 
a species new at least to the islands. 

An interesting but unfortunately sterile plant collected on 
Charles Island, is identical with the specimen of Andersson upon 
which it appears that Steetz based his description of Z. tenuifo- 
lius in Andersson’s Om Galapagos-darnes Veg. 68. It is to be 
regretted that the present specimens are too imperfect to show the 
true position of this problematic plant, although they show pretty 
clearly that it is distinct from Hooker’s species. 

ACANTHOSPERMUM LECOCARPOIDES. Pubescent throughout and 
probably viscid: leaves ovate-oblong, irregularly laciniate or shal- 
lowly pinnatifid, with obtusely toothed segments, rounded sinuses, 
and tapering base, slender-petioled, 2 to 4 inches long: peduncles 
solitary in the forks, slender, 2 inches long : heads three-fourths 
inch or more in breadth ; outer involucral scales about 4, ovate, 
acuminate, serrate or entire, 3 or 4 lines long, pubescent upon 
both surfaces; rays yellow, about 5, elliptic-oblong, minutely 
3-toothed at apex: fruit (achene invested in inner bract) irregu- 
larly turbinate, somewhat compressed laterally, and developed 
dorsally, finely and densely pubescent and bearing near the sum- 
mit 4 or 5 slender spreading straight or somewhat hooked spines: 
style with slender and spirally recurved branches: disk-flowers 
about 30, glabrous, with filiform empty achene, slender tube, 
ampliate throat, and 5-cleft limb: style filiform, entire: anthers 
subsagittate at base: chaff 14 lines long, irregularly fringe-toothed 
at apex: disk conical.—Collected on Hood Island, July, 1891; 
said to be rare, at least upon this island. Although possessing 
al] the important technical characters of the genus, this plant has 
more numerous disk-flowers than any hitherto known species. 
Both in this regard and in its outer involucre and foliage it bears 
a strong resemblance to Lecocarpus, a genus peculiar to the Gala- 
pagos Archipelago, doubtless nearly related, but with a very dif- 
ferent and characteristic fruit. 

Scatesia Bauru. Villous-pubescent: leaves pinnatisect to the 
middle, ovate in outline, acute, attenuate at the base, resinous- 
dotted, finely pubescent and slightly scabrous above, pubescent 
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and somewhat villous upon the midrib beneath, 3 or 4 inches long, 
half as broad; segments about 7 pairs, irregularly toothed or 
again somewhat pinnatifid; petioles slender, about an inch long: 

eduncle solitary, slender, 14 inches or more in length: head half 
inch or more broad ; involucre campanulate : scales ovate, acutish, 
strongly pubescent on both surfaces: true ligulate flowers none, 
the marginal disk-flowers bilabiate and ray-like, bisexual; the 
others regular, 5-parted, pubescent on the outer surface of the tube: 
scales of the disk unequally 3-parted and strongly striate.—Col- 
lected on Duncan Island, August, 1891. Apparently near S. incisa 
Hook. fil., but differing from the description of that species in its 
slender peduncle and ovate acutish involucral scales. 

Acnistus sp. Arborescent shrub: branchlets glabrous, cov- 
ered with grayish bark, leaf-bearing at their ends: leaves obovate- 
elliptic, entire, rounded at the apex, 2 to 4 inches long, 1 to 14 
inches broad, attenuate at the base to slender petioles (half inch 
long), thin, bright green, puberulent and finely punctate above, 
paler and soft pubescent beneath: pedicels axillary, rather few in 
a fascicle, filiform,somewhat thickened toward their ends, spread- 
ing or pendulous, nearly an inch in length: calyx broadly cup- 
shaped, about 2 lines long and broad; the limb subentire: corolla 
funnel-shaped, about an inch long, externally. pubescent; throat 
gradually ampliate; limb 5-lobed ; lobes ovate, obtusish, ciliated : 
stamens inserted a little below the middle of the tube, included : 
stigma obscurely 2-lobed.—Collected on Chatham Island, June, 
1891. Apparently near A. ellipticus Hook. fil., but differing in 
its pubescent leaves and in having a corolla about twice as long 
as described for that species. 

Sotanacea sp. Densely pubescent herb with habit, inflores- 
cence, and foliage of Datura: leaves broadly ovate (in some 
cases broader than long), open cordate, shallowly sinuate-toothed, 
2 to 3 inches in diameter, above green, glabrous or nearly so, 
under lens finely papillose-punctate, below pubescent upon veins, 
not paler; petioles pubescent, as long as the leaves: peduncles an 
inch or so long, axillary, solitary, 1-flowered, deflexed in fruit: 
calyx short-cylindric from an ovate base, densely pubescent, very 
obscurely angled, 4 to 5 lines long, persistent in young fruit; the 
limb of 5 erect unequal linear teeth: corolla funnel-formed ; tube 
rather slender, 14 inches long including the but sligbtly ampliate 
throat ; limb spreading, very shallowly 5-lobed, inch in diameter: 
anthers longitudinally dehiscent: young fruit ovoid, smooth, 3 or 4 
lines in length, loosely surrounded by the calyx.—Collected on 
Hood Island, July, 1891. A plant certainly new to the flora of 
the islands and of interesting, apparently somewhat anomalous 
generic affinities, possessing on the one hand the corolla, smooth- 
ish fruit, and more or less persistent calyx of Vicotiana, but the 
leaves, axillary inflorescence, and general habit of a Datura. 
Insufficient material prevents a more accurate disposition. 

VERBENA GRISEA. Densely and somewhat sericeously grayish 
tomentose, in parts brownish or ferrugineous in dried state: stem 
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tetragonal, somewhat furrowed ; internodes in specimens at hand 
considerably exceeding the leaves: the latter all opposite, petio- 
late, bipinnatifid, ovate or deltoid in outline, an inch or more in 
length; rhachis and segments very narrow, not a line in width, 
frequently curled, obtusish, so densely pubescent as to obscure 
completely the venation on both surfaces: inflorescence branched ; 
flowers small, in slender loose elongating spikes; central spike 
floriferous almost from base; the others more or less pedunculate ; 
bracts small, subulate, pubescent, 4 to $ the length of the calyx: 
the latter cylindrical, a line long, hirsute-pubescent on the outer 
surface, 5-ribbed; limb very shallowly and obtusely 5-toothed: 
corolla nearly twice as long as the calyx, unequally 5-lobed, 
pubescent in the throat; segments rounded at the apex: anthers 
unappendaged.—Collected on Duncan Island, August, 1891. A 
species of § Leptostachya and with much the habit of V. remota 
Benth., but dittering in pubescence and foliage. 

ALTERNANTHERA RIGIDA. Fruticose, copiously and densely 
branched: cortex light yellow, lucid: branches opposite, rigid, 
spreading or divaricate ; internodes short, glabrous or nearly so: 
leaves opposite and proliferous in their lanate axils, very small, 
subulate, pungent, entire, smooth and green, about two lines in 
length, three-fourths line in breadth at the sessile base: spikes 
capitate, ovate or oblong, terminal upon the branchlets, 4 to 6 
lines in length, about 3 lines in diameter, bright white, slightly 
villous in the axils of the bracts, otherwise glabrous: bracts ovate, 
acute, two-thirds the length of the flower, white and scarious ; 
bractlets 2, ovate-lanceolate, somewhat falcate, equalling the 
calyx: stamineal tube about as long as the antheriferous pro- 
cesses; sterile processes none: stigmas 2, erect, obtuse.—Col- 
lected on James Island, on Orchilla Bay, August, 1891. A note- 
worthy plant differing much in its erect firm habit and rigid 
subulate leaves from any species known to the writers. 

FRG@LICHIA JUNCEA. Stem woody below, profusely branched 
above; branches opposite, ascending, slender, terete, finely 
striate, puberulent or glabrous; internodes elongated: leaves 
reduced to minute scales, scarcely half line long, ovate, acute, 
scarious toward the edges : inflorescence terminal, loosely spicate, 
slender and flexuous, 1 to 24 inches long; flowers sessile, scattered, 
solitary in alternate bracts; the lowest still more remote; bracts 
short, broader than long, obtuse, half line long, slightly if at all 
pubescent ; bractlets broadly ovate, retuse, glabrous, scarious: 
calyx deeply 5-parted, in fruit ovoid, ribbed, slightly compressed, 
firm in texture, dark colored, a line long; divisions oblong-lanceo- 
late, obtusish, scarious-margined: stamens included; anthers 
slightly exceeding the alternating obtusish sterile lobes of the 
stamineal tube.—Collected on South Albemarle and Barrington 
Islands, July, 1891. A species with the juncoid habit of /. nudi- 
caulis Hook. fil., but differing much in its elongated scattered 
inflorescence, glabrous bractlets, etc. A doubtiul and entirely 
sterile specimen was also collected on East Albemarle. 
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Evrnorsia GALAPAGEIA, Ascending, a span high: stems slen- 
der, branching from near the base, terete, brown, under a lens 
finely and densely pubescent ; cortex pealing off below; branches 
rather short, very slender, alternate, ascending: leaves opposite, 
glabrous, mostly erect, essentially entire, oblong, obtuse or roundish 
at the apex, obliquely cordate at the base, short-petioled, 3 to 6 
lines long, half as broad, somewhat pellucid in the interstices of 
the veins; stipules minute, lanceolate, somewhat fringed: invo- 
lucres alternately fascicled in the upper axils, on very short pedi- 
cels, very small, one-third line long; glands 4, unappendaged, not 
dark-colored: capsule ovate; cells finely crested upon their rather 
sharp dorsal keels, half line long; the three styles short, bifid; 
seeds yellowish-brown, finely sculptured.—Collected on Charles 
Island, June, 1891. A species with the habit of E. flabellaris 
Ands., but more slender: leaves mostly smaller, stem and fruit 
pubescent, glands smaller and not dark-colored, and styles much 
shorter. 

EvurnorsiA NuMMULARIA Hook. fil. var. Glabrous 
throughout and somewhat glaucous: leaves nearly all unequally 
2-lobed with an oblique sinus between the lobes: seeds slightly 
longer and a little more decidedly angled than in the type.—Col- 
lected at Cuevas Bay, Charles Island, July, 1891. 

AcaLypHa Baurit. Herbaceous: stem and petioles densely 
pubescent-tomentose : leaves ovate, short-acuminate, rather regu- 
larly and somewhat doubly crenate-dentate, appressed-pubescent 
upon both surfaces, especially upon the veins beneath, 14 to 3 
inches long, two-thirds as broad, 5-nerved from the truncate or 
subcordate base; petioles ascending, | to 2 inches long; stipules 
small, subulate-setaceous: spikes axillary, slender, 24 inches in 
length, androgynous; pistillate involucres commonly solitary, 
2-flowered, sessile near the base of the spike, the slender stami- 
nate portion of the spike about a line in diameter, flexuous, loosely 
flowered below; rhachis densely grayish pubescent: bracts of the 
fertile flowers broadly ovate, somewhat unequally 9-dentate, cleft 
a third of the way to the base, villous, 24 to 3 lines long, 4 lines 
broad : calyx deeply 3-cleft; segments ovate, acute, ciliate: styles 
laciniately many-cleft ; capsule villous, nearly a line long; seeds 
ovate, very finely pitted.—Collected on the southwest end of 
Chatham Island, June, 1891. <A single detached perhaps termi- 
nal inflorescence has several fertile involucres. 

ARISTIDA viILLosA. Annual: root a cluster of short delicate 
fibres: culms several, slender, ascending, nearly a foot in height; 
internodes minutely puberulent under a lens: blade of leaves thin, 
flat, narrowly linear, 2 to 5 inches long, 1 to 1} lines broad, also 
finely puberulent and slightly scabrous and hispid upon both sar- 
faces; sheaths conspicuously silky-villous with soft white spread- 
ing hairs except near the base; the summit covered with more 
densely tufted hairs; ligules laciniately ciliate: panicles 14 to 3 
inches long, condensed and subspicate, 4 lines in diameter; lowest 
branchlets scarcely imbricated : sterile glumes nearly equal, lan- 
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ceolate to linear, attenuate, shortly aristate, 3 lines long, closely 
puberulent, ciliate upon the keel; spreading ariste of the flower- 
ing glumes 2 to 5 lines long; rhachis and rhachillx finely puberu- 
lent.—Collected on Jervis Island, August, 1891. 

LeprocHtoA ALBEMARLENSIS. Decumbent: culms 8 to 12 
inches or more in length, slender, much branched, geniculate 
below; branches approximate, ascending; internodes glabrous, 
short: leaves somewhat scabrous; blade lance-linear, acute, 
divaricately spreading, 8 to 12 lines long, about a line broad; 
sheaths sparsely pilose with delicate white spreading hairs: pan- 
icle with slender alternate nearly divaricate branches (4 to 10 lines 
long); spikelets closely appressed, somewhat imbricated, 2} to 3 
lines long, with about three perfect flowers and rudiment : sterile 
glumes somewhat unequal; the outer and larger one 29 lines 
long, acute, exaristate; flowering glumes 14 lines long, 3-nerved, 
slightly bifid and tipped with short awn, sometimes ciliate——Col- 
lected on South Albemarle Island, July, 1891. From character 
this must be near .4. brachiata Steudel. 

The following is a complete list of Dr. Baur’s plants. Those 
species which appear never to have been previously reported 
from the Archipelago are marked with an asterisk (*), and the 
new plants with a dagger (t+). The Lichens have been deter- 
mined by Miss Clara E. Cummings. 


NAMES OF PLANTS. 
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Chatham. 
Charles 
Hood 


Drymaria cordata Willd. (=? D. glaberrima Bartl.) -- 
Polygala obovata Hook. fil. (forma latifolia) 
Galapageia Hook, fil 
insularis Bennett 
rhombifolia L 
Abutilon Andersonianum Garcke. ? 
Gossypium Klotzschianum Ands, ..---.------------- 
Waltheria reticulata Hook, ffl. 
earnosa Molina 
 Agassizi Rose 
Xanthoxylon Pterota HBK 
Castela Galapageia Hook. fil. .....--------.-------. 
Maytenus obovatus Hook. fil 
8 
Cardiospermum corindum L 
*Sapindus (near S. acuminatus Willd.)..........---- 
*Dodoneea viscosa Jacq 
Spondias Edmonstonei Hook. fil 
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Barrington. 


NAMES OF PLANTS. 


Albermarle. 
Indefatigable. 


Charles. 
| James 
| Bindloe. 


Crotalaria puberula Hook. fil 
Dalea parvifolia Hook. fil. ...-------- 
tenuicaulis Hook. fil. 
*Stylosanthes scabra Vog. 
*Desmodium incanum DC. 
molle DC 
* uncinatum DC, 
*Erythrina velutina Willd 
Phaseolus semierectus L 
a mollis Hook. fil. 
*Cesalpinia Bonducella Fleming 
Parkinsonia aculeata L. 
Prosopis dulcis Kth 
Neptunia Surinamensis Steud 
Desmanthus depressus Benth. and Hook 
Acacia tortuosa Willd. 
 macracantha Benth. and Hook. 
*Miconia sp. 
Mentzelia aspera L. 
suberosa L. var. 
* Momordica Charanta ....----------- 
Sesuvium Edmonstonei Hook. fil 
 gracillima Ands. 
Spermacoce tenuior Linn 
* Borreria (Spermacoce asperifolia “Mart. and Gal. 
ue Pacifica Rob. and Greenm. 
- = Baurii Rob. and Greenm. 
+ Galapageia Rob. and Greenm., --.--------- 
divaricata Hook. fil. 
suberecta Hook, fil 
ericceefolia Hook. fil 
dispersa Hook. fil. 
linearifolia Hook. fil 
Psychotria rufipes Hook. fil. 
Ageratum conyzoides Linn 
Erigeron tenuifolius Steetz non Hook. fil. 
si tenuifolius Hook. fil. ? 
sp. 
*Baccharis Pingre var. angustissima DC, 
Lecocarpus pinnatifidus Dene 
+Acanthospermum lecocarpoides Rob. and Greenm. -- 
*Eclipta alba Hassk. - 
Scalesia Darwinii Hook. fil 
+ ‘* Baurii Rob, and Greenm. 
Blainvillea rhomboidea Ands. 
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NAMES OF PLANTS. 


irles. 


Albem 
Bindloe. 


Ch 


Macreea laricifolia Hook. fil 
Bidens leucantha Willd. 
Porophyllum ellipticum Cass, 
Pectis gracilis Hook. fil 

 tenuifolia DC 

linearis Ands. 


Cordia lutea Lam. 
Scouleri Hook. fil 


Hook. fil. 
scaberrima Ands. 
leucophlyctis Hook. fil. 
Coldenia (Galapagoa) Darwinii ‘Hook. fil 
fusca Hook, fil. 
Tournefortia psilostachya Cham, --.-. 
si pubescens Hook. fil. 
strigosa Ands. 
rufo-sericea Hook. fil. 
opaca Ands. 
Heliotropium Curassavicum L. 
parviflorum L. 
Ipomea acuminata R, and S. 
pentaphylla Jacq 
Kinbergi Ands. 
Evolvulus simplex Ands. 

"= glabriusculus Choisy - - 
Cuseuta gymnocarpa Englm. 
*Solanacea 
Lye opersicum esculentum Willd. 
Solanum nigrum Linn, 

Physalis pubescens Linn. (=? P. angulata 
Capsicum annuum Linn i 

Acnistus n, sp. ? (near A, ellipticus) 

Lycium ? 

Seoparia dulcis Linn 

Capraria biflora Linn 

Lantana poduncularte Ands, 
Lippia rosmarinifolia Ands 

* nodiflora Michx 

Bouchea sp 

Verbena littoralis HBK. 

" grisea Rob. and Greenm. 

Clerodendron molle HBK. 
Avicennia tomentosa Linn 
Hyptis spicigera Lam. 
Salvia occidentalis Sw 
Teucrium inflatum Sw. 
Boerhaavia hirsuta Linn, -..-.--- 
Cryptocarpus pyriformis HBK. 
Anarantus squarrulosa (Gray) U. and B 
a Caraccasanus HBK. 
sclerantoides Ands, 


147 
&§ 
2] 
x x x x 
7 
x | x x 
x 
x x 
x 
x x | xX 
x 
x 
x x 
x 
x x 
x 
x 
x 
x F 
x x x 
x 
x 
x 
x xX 
x 
x j 
| 
x 
x x xix 
x 


ai 
NAMES OF PLANTS. i) 
flavicoma Ands. ...---- x 
tAlternanthera rigida Rob. and Greenm.---..--..---- 
+Frelichia juncea Rob. and Greenm. -...-..--------- 
Viscum. Blensiovlt Took, Gl, x 
Euphorbia nummularia Hook. fil. - x 
rar. glabra Rob. and Greenm. x 
diffuea Hook. fil. ........ 
Galapageia Rob. and Greenm. ....-------- x 
x 
Phyllanthus Caroliniensis Walt. (=? P. obovatus Mul. )|x 
"oton Scoutert Took. Til, x 
 Xalapensis meds x 
tAcalypha Baurii Rob. and Greenm., 
66 par v var. flaccida Mill. Arg..._-..---- 
pubescens 
“ strobilifera x 
Fleurya ceestuans Gaud. var. tuberculata W edd. 
Hypowis erecta Willd. .. x 
Commelina agraria Kunth, 
Cyperus rubiginosus Hook. fil......-.--------------- x 
Mutisii var. plenus Ands...--.-- x 
tristachyus Boéckl. ? .......---- x 
*Kyllingia ceespitosa Nees. ......------.------- x 
*Dichronema leucocephala Michx. ....--------------- x 
x 
Paspalum conjugatum Berg. ...-------- x 
Panicum hirticaulon Presl. -------- 
Oplismenus se tarius Presl. (=? O. Colonus HBK. ) eee 
Setaria Antitiarwm Kounth, x 
Yenchrus platyacanthus Ands. .........-.----------- 
granularis Ands. -- -- x 


distichophyllus Griseb. ?.-..- -- 
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NAMES OF PLANTs. 


hatham. 
Indefatigatle. 


C 

Charles. 
Albemarle. 
Duncan, 
Barrington. 
Bindloe, 


*Stenotaphrum Americanum Schrank 
Anthephora elegans Schreb 
Aristida caudata Ands 
divulsa Ands 
. subspicata Rupr. and Trin 
villosa Rob. and Greenm 
“Chloris sp 
si radiata Sw. 
pilosa Hook, fil 
Eleusine Indica Geertn. 
Leptochloa 
+ Albemarlensis Rob. and Greenm 
*Alsophila sp 
Adiantum Henslovianum Hook, fil. 
Cheilanthes microphylla Sw 
Pteris pedata Linn 
aquilina L. var. caudata H. and B, | x 
Blechnum occidentale L. 
*Asnientum ciculartum Bw. 
* auritum Sw. 
x 
Pe olypodium Paradise Langsd. and Fisch 
squamatum L. 
“ ymnogramme leptophylla Desv. 
calomelanos Kaulf 
Acrosticum aureo-nitens Hook 
*Lycopodium clavatum L 
Rocoelia fuctformis (L..) Ach. 
 intricata Mont 
Usnea barbata (L.) Fr 
Theloschistes chrysopthalmus (L.) Norm. var. flavicans | 


x 


x 


The following species were collected on islands not men- 
tioned in the above list; from Abingdon Island, Borreria 
ovalis Ands. (form), Telanthera echinocephala Mogq., and 
Euphorbia viminea Hook. fil.; from Gardner Island, Bastar 
dia viscosa HBK., and Xanthoxylon Pterota HBK.; from 
Tower Island, Waltheria reticulata Hook. fil., Lantana 
peduncularis Ands., Euphorbia amplexicaulis Hook. fil., 
Euphorbia viminea Hook. fil., Croton Scouleri Hook. fil., 
and Eragrostis ciliaris Link. 
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Il. New and Noteworthy Plants chiefly from Oaxaca collected 
by Messrs. C. G. Pringle, L. C. Smith and EF. W. Nelson. 


Maprria Mexicana. A shrub, 5 feet in height: branches cov- 
ered with a light grayish cortex, roughened by many small white 
lenticels : leaves oblanceolate, short-acuminate to an obtuse tip, 
cuneate at the base, 34 to 44 inches long, 1 to 14 inches broad, 
subcoriaceous, green and glabrous upon both surfaces; midrib 
prominent beneath; the lateral veins upon the lower surface each 
with a minute cavity just above the base; petiole puberulent, 
canaliculate, 4 lines long: flowers 4-5-parted, borne near the ends 
of the branches in short axillary pedunculate appressed-pubescent 
panicles (an inch or more in length): calyx minutely pubescent ; 
teeth acutish: petals oblong, 1} lines in length, half line broad, 
entirely glabrous upon both surfaces, obtuse, mucronulate with 
incurved tip : disk shallowly lobed, glabrous upon both surfaces ; 
ovary and style glabrous.—Collected by C. G. Pringle, in low- 
lands about Micos, San Luis Potosi, 8 December, 1891 (No. 5494). 
This plant agreeing rather closely both in habit and essential 
floral characters with M. racemosa Jacq. differs from any known 
species of Mappia in its glabrous petals. The genus appears to 
be new to Mexico. 

Mimosa miINuTIFOLIA. Branches smooth, grayish, often stri- 
ated with brown, armed with two kinds of reddish brown spines; 
the stipular spines in pairs, straight, about 2 lines long; each 
internode also bearing a single strongly recurved spine: leaves 
cinereous, bipinnate, oblong in general outline, about an inch in 
length; petiole a line long; rhachis minutely winged, armed 
beneath with small spines; pinne 15 to 22 pairs, 2 lines in length ; 
leaflets 10 to 20 pairs, elliptical, very minute, half line long, about 
two-thirds as broad, smooth and cinereous above, very minutely 
pruinous on lower surface, ciliated on the margin: peduncles 
solitary, half inch in length, finely pubescent; heads globose: 
calyx three-fourths line long; segments oblong, obtusish, two- 
thirds as long as the tube, somewhat thickened at the apex: pods 
oblong, narrowed at both ends, 14 to 18 lines long, 3 to 4 lines 
broad, cinereous-tomentose, and densely covered on the surfaces as 
well as the margins with weak straw-colored spines.—Fruiting 
specimen collected by C. G. Pringle, on rocky hills near Rio 
Blanco, Jalisco, 26 May, 1891 (No. 5142). This species belongs 
to the Acanthocarpe and is most nearly related to M. flexuosa 
Benth. and ML, acanthocarpa Benth. It is well characterized by 
its finely divided foliage. In each pinna the rhachis is provided 
with groups of minute dark-colored glands scarcely visible 
except under the compound microscope. 

SepuM catcicota. Perennial, procumbent, nearly or quite 
smooth: stem nearly terete, somewhat ligneous near the base; 
the floriferous branches 8 to 12 inches high: leaves scattered, the 
lower oblong-lanceolate, acutish, 6 to 8 lines long, 3 lines broad ; 
the upper thick, terete; nearly half inch long, falling off at touch : 
inflorescence terminal of about three divergent racemes; the lat- 
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ter 14 to 2 inches long; pedicels less than a line in length: sepals 
green, oblong, obtusish, 1} lines long: petals lanceolate-attenuate, 
24 lines long: scales short and broad, truncate: stamens 10 : car- 
pels 5, united a third of their length, attenuate, many-ovuled, as 
long as the petals.—Collected by C. on limestone 
ledges, Las Cuevas, San Luis Potosi, 30 October, 1891 (No. 5101). 
Habit of S. Bourgei Hemsl. and from the character also of 8. 
Guatemalense Hemsl. From the former it differs in its shorter 
sepals and shorter and much broader scales: from the latter in its 
much shorter pedicles, smaller flowers, and broader leaves. 

PassiFLORA PRINGLEI, Stem angulate, hispid with dark col- 
ored hairs: tendrils none: leaves 5-lobed to the middle, some- 
what narrowed at the base, about 2 inches in diameter, finely 
pubescent above, paler beneath and sparingly pubescent upon the 
prominent reticulated veins; lobes ovate, acutish, finely ciliated, 
entire or more frequently sharply few-toothed ; the middle lobe 
bearing upon the under surface near its base two small round 
sessile glands; petioles ascending, 6 to 9 lines long, hispid, bear- 
ing two stipitate glands at the summit; stipules lanceolate, acu- 
minate, falcate, 2 lines long : peduncles somewhat exceeding the 
petioles, hispid, bearing 2 to 3 successive linear attenuate bracts 
and a single terminal flower (2 inches in diameter): calyx-tube 
broadly campanulate; lobes oblong-lanceolate, acute, 10 lines 
long, 3 lines broad, greenish white in a dried state; petals oblong- 
lanceolate, two-thirds as long as the sepals: outer crown of fila- 
ments free to the base, exceeding the petals; the middle crown 
membranous, plicate, inflexed, covering two inconspicuous inner 
rings: gynandrophore 5 lines long, glabrous, destitute of any 
fleshy urceola.—Collected by C. G. Pringle, on hills near Patz- 
cuara, Michoacan, 23 July, 1892 (No. 5268). 

PIQquERIA SERRATA Gray, var, ANGUSTIFOLIA. Shrubby, 3 to 6 
feet high: leaves oblong-lanceolate, finely and rather remotely 
crenate-serrate, 4 to 5 inches long (including short petiole), 6 to 
10 lines broad, gradually narrowed at the base.—Collected by C. 
G. Pringle, on the Sierra de San Felipe, altitude 9,500 feet, 24 
September, 1894 (No. 4827).—With habit and floral characters of 
the type but differing rather strikingly in the outline and serra- 
tion of the leaves. 

Oaxacania n. gen. of Composite (Ageratee). Heads homo- 
gamous, many-flowered. Involucre campanulate ; bracts 4—5-seri- 
ate, 3-nerved, the outer shorter. Receptacle convex, chaff-bear- 
ing throughout. Corollas equal, regular, purplish, with slender 
tube, somewhat dilated above, and 5-toothed limb. Pappus obso- 
lete or an inconspicuous crown of minute teeth. Achenes linear- 
oblong, 5-angled and rather strongly compressed laterally.— 
Bushy herbs or suffruticose. Leaves alternate, petiolate, dentate, 
palmately-nerved. Heads corymbose-paniculate, about 100-flow- 
ered, 

O. mMatv#Foi1a. Densely and viscidly glandular-pubescent : 
stems branching, 3 to 4 feet long, very leafy: leaves varying 
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greatly in size, the larger an inch in diameter on petioles of 
equal length ; the blade cordate, orbicular in outline ; the margin 
shallowly | and palmately sinuate- Jobed and lobes toothed: heads 8 
to 9 lines in diameter.—Collected by C. G. Pringle, growing in 
crevices of dry cliffs, Tomellin Cation, Oaxaca, altitude 3,000 
feet, 22 December, 1894 (No. 6117). "A plant ‘nearly allied to 
Alomia, but differing in the form and arrangement of its leaves, 
larger heads, and flattened achenes. From T'richocoronis it 
differs among other characters in its chaffy receptacle. 

Srevia eLaTiok HBK. var.? pEcumBEeNns. Stem strongly 
decumbent, leafy below, the erect portion nearly naked, | to 2 
feet high: "pubescence of the involucre very fine and appr essed, 
not at all glandular: flowers 64 to 7 lines long, purple ; ariste of 
the pappus long, commonly crooked or bayonet-shaped.—Collected 
by C.G, Pringle, on dry hills near Oaxaca, altitude 6,000 feet, 13 
October, 1894 “(No. 4974), Perhaps distinct from but very nearly 
related to this species. 

EvraroriuM PrinGtet. Fruticose, 8 to 12 feet high : branches 
terete, light-brown, glabrous: leaves all opposite, petiolate, del- 
toid-ovate, acutish to sub-acuminate, crenate-serrate, truncate at 
base, puberulent and slightly scabrous above, paler and soon 
becoming quite smooth beneath, 15 to 18 lines long, 12 to 14 lines 
broad: petioles 4 to 6 lines long: branches of the inflorescence 
opposite, axillary, thyrsoid and together forming a panicle a foot 
or more in length: pedicels glandular-puberulent: bractlets 
setose: heads 5 lines long, about 33-flowered : involucral scales 
lanceolate-oblong, acute, dark-purple, ciliated, glandular-tomentu- 
lose and not striate, loosely imbricated, sub-biseriate and not 
very unequal, about 3 lines long: corollas white or roseate as 
well as the pappus also.—Collected by C. G. Pringle, on Sierra de 
San Felipe, Oaxaca, altitude 9,500 feet, 24 December, 1894 (No. 
6118). Resembling & Rafaelense Coulter, but differing in its 
deltoid leaves, truncate at base, and in its thicker densely 
glandular-pubescent and non-striated involucral bracts. 

EvpaTorRiuM COLLopEs. Fruticose: essentially glabrous and 
more or less glutinous, 2 to 3 feet high: branches striate-angu- 
late: leaves opposite, ovate, closely sessile, acuminate, rounded 
at base, sharply and finely serrate or serrulate, often purplish- 
tinged, paler beneath, 3-nerved, commonly somewhat vernicose, 
12 to 16 lines long, a little more than half as broad, of rather firm 
texture : corymbs many-headed ; pedicels rather short: bractlets 
small with revolute tips: heads 20—25-flowered, purplish: scales 
of the involucres in 2 to 3 series, linear, attenuate, ciliate, purple- 
tipped: flowers considerably exserted, in dried state white or 
roseate: young achenes minutely ciliate on the angles.—Collected 
by C. G. Pringle, on hills, Las Sedas, Oaxaca, altitude 6,000 feet, 
1 October, 1894 (No. 4941). 

BRICKELLIA NUTANS. Tall, 5 to 8 feet high: stems terete, 
striate, purple, pubescent: leaves chiefly opposite (only the 
uppermost alternate), broadly ovate, acuminate, cordate, serrate, 
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green and puberulent above, paler and pubescent beneath, 2 to 24 
inches long, nearly as broad, 3-nerved at very base; lateral nerves 
soon branched : petioles 9 lines long, tomentulose: heads on short 
lateral leafy branchlets, slender-pedicelled, nodding or pendulous, 
6 to 7 lines long, about 15-flowered : floral leaves ovate-lanceo- 
late, acuminate or attenuate, serrate or subentire, subsessile: ped- 
icels 4 to 6 lines long, tomentulose: involucral scales regularly 
imbricated in about 4 series, all obtuse, tomentulose and some- 
what arachnoid-pubescent: achenes 24 lines long, puberulent.— 
Collected by C. G. Pringle, on Sierra de San Felipe, Oaxaca, alti- 
tude 10,000 feet, 24 December, 1894 (No. 6114). 

Bricketuia LanciFouia. Tall, 5 to 8 feet high: branches 
slender, terete, striate, tawny, tomentulose and slightly scabrous : 
leaves all opposite, lanceolate, acuminate, narrowed at the base, 
obsoletely serrulate, scabrous above, paler reticulated and soft 
glandular-tomentulose beneath, 2 to 3 inches long, 10 to 12 lines 
broad ; petioles 4 to 7 lines long, fuscous-tomentulose : flowering 
branchlets opposite, 3-6-headed, shorter than or considerably 
exceeding the leaves; pedicels slender, glandular-pubescent : 
heads nodding, 12-flowered, 6 to 9 lines long: involucral scales 
glabrous except at the obtuse mucronate tip, purplish, finely 
striate, lucid, imbricated in 4 or 5 very unequal series: achenes 
villous, at least when young.—Collected by C. G. Pringle, on 
Sierra de San Felipe, Oaxaca, altitude 8,000 feet, 3 January, 1895 
(No. 6109). 

GRINDELIA SQUARROSA Dunal, var. HIRTELLA. Branches and 
lower surfaces of the leaves covered with a fine slightly roughish 
pubescence; the type and other varieties being glabrous through- 
out and having the branches often lucid.—Collected by C. G. 
Pringle, on hills, Las Seday, Oaxaca, altitude 6,000 feet, 16 
August, 1894 (No. 4805). 

ACHYROCLINE DEFLEXA. Stems erect, 3 to 4 feet high, strict, 
branching above, lanate: leaves oblong-lanceolate, acute at both 
ends, mucronate at apex, scarcely petioled at base, mostly 
deflexed or pendulous, sparingly arachnoid and green above, 
densely lanate and white beneath, 14 to 3 inches long, 5 to 9 lines 
broad; margins somewhat revolute, irregularly subcrenulate : 
heads glomerate, about 5-flowered ; glomerules corymbous; invo- 
lucral scales about 9, oblong, obtusish to acutish, pale straw-color 
to silvery white: flowers all fertile, only one hermaphrodite: 
achenes ovate, glabrous.—Collected by C. G. Pringle, on Sierra 
de San Felipe, altitude 7,000 to 8,000 feet, November, 1894 (No. 
6054). The other species of this genus hitherto attributed to 
Mexico have (acc. to descr.) much smaller, narrower leaves, and 
more deeply colored involucral scales, although the latter feature 
may very likely vary with age or change in drying. 

SIEGESBECKIA REPENS. Perennial: stems several, decumbent 
and rooting at the base, sending out procumbent branches, ascend- 
ing a foot or more in height, purplish, glandular-puberulent, about 
twice dichotomously forked ; upper branches slender, erect: leaves 
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ovate-elliptic, obtuse or obtusish, serrulate, nearly or quite glab- 
rous, green above, paler beneath, 9 to 18 lines long, half as broad; 
winged petioles nearly as long ; uppermost leaves lanceolate, ses- 
sile, acutish: heads few, half inch in diameter, on slender densely 
glandular-puberulent peduncles; outer involucral bracts lanceo- 
late to linear-oblong, obtuse, 4 lines long, a line wide, inconspic- 
uously 3-nerved; inner bracts ovate, acutish: ray-flowers about 
11, bearing sterile stamens; ligules nearly 3 lines long, obtusely 
3-toothed at the apex and provided at the base on the inner side 
with 2 smaller teeth : achenes oblique, smooth.—Collected by C. 
G. Pringle, in cold brooks, meadows of Sierra de Clavellinas, alti- 
tude 9,0v0 feet, 16 October, 1894 (No. 4987). 

GYMNOLOMIA TRIPARTITA. Stem slender, glabrous, nearly ter- 
ete, pale brown, leafy, branched above: leaves partly opposite, 
others alternate, deeply 3-parted, dark green and scabrous above, 
much paler and grayish tomentulose beneath, 1 to 2 inches long, 
nearly as broad; segments oblong, obtuse, 2 to 3 lines broad, entire 
or with one or two irregular obtuse lateral teeth: petioles short, 
cuneate-winged : inflorescence corymbose; pedicels 8 lines to 14 
inches in length: involucral scales lanceolate, acute, 3-nerved, 
glabrescent: ray flowers about 11, yellow, oblong, 3} lines long: 
disk conical, 4 lines in diameter: chaff strongly keeled, terminated 
by a short subulate tip.—Collected by L. C. Smith, at Cuicatlan, 
altitude 1,800 feet, 22 October, 1894 (No. 239). 

PERYMENIUM JALISCENSE. Caudex short, thick, an inch in 
diameter, giving off numerous fibrous descending roots and sev- 
eral erect or decumbent slender scabrous furrowed stems about 2 
feet high: leaves opposite, short-petioled, oblong to linear-lanceo- 
late, obtuse, serrate or subentire, narrowed at the base, condupli- 
cate, spreading and somewhat recurved, about 2 inches long, 3 to 
6 lines wide, 3-nerved, scabrous; the lowest pairs considerably 
shorter and broader; petioles about a line long: heads about 3 
together at the ends of the almost naked branches: peduncles 
very unequal: involucral scales in 3 series; the outer broadly 
ovate, obtuse, minutely cinereous-pubescent, ciliated upon the mar- 
gin; the inner longer, about 2 lines in length: rays 8, unequal, 
about 3 lines long, more than two-thirds as broad, bright-yellow, 
minutely 3-toothed at the apex, ciliolate toward the base and 
upon the nerves on the outer surface: mature achenes about 14 
lines long, minutely pubescent toward the apex.—Collected by 
Dr. Edward Palmer, Rio Blanco, Jalisco, August, 1886 (No. 310), 
and also by C. G. Pringle, on rocky hills near Guadalajara, 23 
August, 1893 (No. 5426). Dr. Palmer’s specimen has been 
referred to P. Cervantesii DC. by Dr. Watson, Proc. Am. Acad. 
xxii, 427, but it has been compared with the type at Geneva 
through the kindness of Dr. Casimir De Candolle and Monsieur 
Buser and proves to be quite distinct, nor does it appear to be a 
form of P. Mendezii DC., as suggested by Dr. Watson, which has 
an umbellate inflorescence. The plant is habitally marked by its 
strongly conduplicate and somewhat recurved leaves. 
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Encevia (§ GER#A) HYPARGYREA. Shrub, 5 to 15 feet high: 
branches terete, striate, scabrous-pubescent: leaves opposite except 
the uppermost, ovate, acute or somewhat acuminate, cordate, obso- 
letely or more or less distinctly serrulate, thickish, densely gray- 
tomentose above, appressed sericeous-pubescent and silvery below, 
3-nerved, 2 to 24 inches long, three-fourths as broad; margins 
somewhat revolute; petioles about half inch long ; floral leaves 
ovate-lanceolate, subsessile: heads corymbose, about 6 to 8 lines 
in diameter excluding the oblong yellow rays: the latter 10 to 12 
in number: involucre campanulate; scales 2-3-seriate, oblong- 
linear, obtusish, roughish pubescent: chaff of the disk carinate, 
oblong, sub-3-dentate, puberulent: achenes 14 lines long, densely 
sericeous-pubescent.—Collected by C. G. Pringle, in La Hoya 
Cajion, Oaxaca, altitude 3,000 feet, 2 November, 1894 (No. 6142), 

Ence ia (§ GER.£A) GLUTINOSA. A tall branching shrub, 10 to 
15 feet high: branches covered with a roughish gray bark, some- 
what white-woolly near the leaf-bearing summits: leaves alter- 
nate, approximate, short-petioled, ovate-lanceolate, acuminate, 
entire, nearly glabrous, but slightly papillose-scabrous, and 
almost lucid above, pubescent and not paler beneath, obtusish or 
scarcely acute at the base: 3 to 4 inches long, 15 to 16 lines 
broad; petioles densely pubescent, 3 lines in length: inflores- 
cences terminal, corymbose, rather dense; heads nearly half inch 
in diameter (exclusive of rays), 7 lines in length, vernicose: invo- 
lucre 2-3-seriate with the outer scales much shorter; scales thick, 
obtusish, somewhat striated: rays about 8, bright-yellow, fully 
half inch long: achenes linear-oblong, 4 lines in length, 2-awned, 
pubescent, and silky-ciliate. —Collected by C. G. Pringle, in La 
Hoya Cajfion, Oaxaca, altitude 4,000 feet, 2 November, 1894 (No. 
6024). 

Ence ia (§ GERZA) RHOMBIFOLIA. Decumbent, densely pilose- 
pubescent with spreading white hairs, leafy to the middle: leaves 
(except the reduced uppermost) opposite, rhombic-ovate, acutish, 
harsh in texture, scabrous and tuberculate-hispidulous above, 
scarcely paler but more densely and softly pubescent and with 
frequent argenteous blotches beneath, serrate from below the 
middle, 3-nerved from above the base, 2 inches long, 12 to 15 
lines broad, narrowed in the upper leaves to a sessile somewhat 
amplexicaul base, the lower short-petioled: inflorescence loose 
and irregular; heads half inch in diameter, short-peduncled, borne 
in irregular subracemose groups, 2 to 5 together at the ends of the 
almost naked branches: scales of the involucre 2-3-seriate, oblong- 
lanceolate, attenuate, grayish hirsute, the outer shorter: rays 8, 
yellow, 34 lines long: achenes flattened, appressed-pubescent, cil- 
late on the edges; awns 2, with intermediate scales.—Collected 
by C. G. Pringle, on dry calcareous hills, Las Sedas, Oaxaca, 
altitude 6,000 feet, August, 1894 (No. 4813). 

LerrosyNe PRINGLEL Rootstock short-oblong, thickish and 
woody ; stems several, decumbent, simple and leafy nearly to the 
middle, a foot or more high, striate- angulate, puberulent below: 
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leaves pinnate, about an inch long, ascending, puberulent ; rhachis 
and pinne narrow, linear, acute and slightly pungent; leaflets 
usually 3 pairs and an odd one, 3 to 6 lines long; the lower pairs 
gradually more elongated: peduncles slender, erect, 4 to 6 inches 
long, 1-headed: head 8 or 9 lines in diameter, often bracteolate ; 
outer involucral bracts herbaceous, about 5, oblong, obtuse, 14 to 
2 lines long; the inner bracts scarious, yellow, ovate-oblong, 
obtusish, about 3 lines long: rays about 6, yellow, oblong, 
3-toothed, fertile, 5 lines long, half as broad; the middle tooth 
the smallest; achenes obovate, dark-colored, 2 lines long, two- 
thirds as broad, glabrous, rounded and emarginate at the apex: 
disk-flowers apparently all fertile, distinctly annulate.—Collected 
by C. G. Pringle, on the Sierra de San Felipe, altitude 7,000 feet, 
7 August, 1894 (No. 4871). Habit ot Z. Mexicana Gray. 

ScHKUHRIA PLATYPHYLLA. Erect, stoutish annual : stem terete, 
striate, pubescent, purplish, simple below: leaves all alternate, 
broadly ovate, obtuse, coarsely and somewhat doubly crenate- 
dentate but not at all dissected, abruptly contracted to a 3-nerved 
cuneate base, densely puberulent upon both surfaces, 2 to 24 
inches long, nearly or quite as broad, slightly paler beneath: 
petioles pubescent, 4 to 10 inches long: panicle much branched, 
densely glandular-pubescent: involucral bracts about 5, obovate, 
rounded at apex, herbaceous but with thin purple margins, glan- 
dular-pubescent externally, 24 lines long: ray flowers none, disk 
flowers about 20 in a head: scales of the pappus about 8; 
achenes upwardly pubescent especially near the base, 2 lines 
long.—Collected by C. G. Pringle, on Monte Alban, Oaxaca, 
altitude 5,500 feet, 8 October, 1894 (No. 4975). Exceptional on 
account of its broad undivided leaves. 

Lrasum Kuatri. Shrub, 15 to 20 feet high, leaves falling 
before the flowers appear, deltoid-ovate, obliquely acuminate, 
cuspidate-serrulate, abruptly contracted to a somewhat cuneate 
base, glabrous above, gray and densely arachnoid-pubescent 
beneath, about 5 inches long and nearly as broad, 3-nerved from 
a point somewhat above the base: flowering branches terete, at 
first arachnoid but quite glabrate, opposite, recurving, terminat- 
ing in dense thyrsoid inflorescences: heads 8 lines long: involucral 
scales lance-linear, attenuate, imbricated in about two unequal 
series, densely dark ylandular-pubescent: flowers bright yellow : 
pappus nearly white: corolla 5 lines in Jength.—Collected by 
C. G. Pringle, on Monte Alban, near Oaxaca, altitude 6,000 feet, 
24 November, 1894 (No. 6059). For a critical comparison of 
this plant with certain neighboring forms we are indebted to Dr. 
F. W. Klatt, to whom we take pleasure in dedicating the species 
in recognition of his valuable contributions to the knowledge of 
American Composite. 

SENECIO GRAcILIPES. Herbaceous, perennial, erect, slender, 
3 feet or more in height: stem simple up to the loosely paniculate 
inflorescence, striate, covered below with sparing arachnoid pubes- 
cence, above glabrate: leaves oblong in outline, deeply and regu- 
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larly pinnatifid, green and glabrous above, paler and arachnoid- 
pubescent beneath; lateral segments in about 8 pairs, divaricate, 
lanceolate, acuminate, repand-dentate, about 14 inches long, a 
third as broad; the terminal one scarcely larger, narrowly del- 
toid ; lower leaves on slender petioles (7 inches long); the upper 
upon winged petioles, auriculate-clasping at the base; bracts of 
the diffuse panicle narrowly lanceolate, attenuate, sessile, auricu- 
late-clasping: heads discoid, usually solitary at the end of the 
slender branches; bractlets subulate-filiform: involucre about 
13-phyllous, 4 lines long, pubescent, 20-24-flowered; the scales 
minutely dark-tipped and tufted at the apex: flowers ochroleu- 
cous : corolla segments short: achenes glabrous.—Collected by 
C. G. Pringle, on the Sierra de Clavellinas, altitude 9,000 feet, 24 
October, 1894 (No. 6010). 

Senecio reETicuLatus DC. A plant of habit and foliage 
identical with an authenticated specimen of this species from 
De Candolle’s herbarium, has been collected by Mr. Pringle on 
the Nevado de Toluca in the State of Mexico, 7 September, 
1892 (No. 5262). The heads, however, have about twice as many 
flowers (8 rays and 26 disk flowers). The scales of the involucre 
are also more numerous, being about 16 in number. 

CaACALIA LONGIPETIOLATA. Slender, 3 feet or more in height, 
apparently strict: stem terete, purplish and glaucous: leaves 
palmately 5-7-lobed, 3 to 4 inches in diameter, cordate with nar- 
row sinus, green, puberulent and reticulated above, grayish- 
tomentulose beneath; lobes lanceolate, stellately divergent, den- 
ticulate, acute and mucronate; sinuses rounded ; petioles slender, 
smooth, about 4 inches in length: heads few, large, about 9 lines 
in length, terminal upon the long slender almost naked branches 
of an open panicle ; involucre calyculate with short loose spread- 
ing linear or subulate bracts, the inner erect bracts about 9, 
oblong, dark-colored with scarious margins, narrowed to an 
obtusish apex: flowers about 50 in a head; tube slender, thick- 
ened at the base; throat ampliate, very short; lobes rather long 
but recurved or coiled in anthesis: achenes smooth.—Collected 
by C. G. Pringle, on dry ledges of the Sierra de San Felipe, 
Oaxaca, altitude 7,000 feet, 10 October, 1894 (No, 5828). 

CacaLia MEGAPHYLLA. Tall, 6 to 10 feet high: stem terete, 
striate, ferrugineous-tomentulose: radical leaves large, centrally 
peltate, about 10-lobed, orbicular in outline, 1 to 2 feet in diame- 
ter, finely pubescent above, slightly paler and grayish-tomentose 
beneath ; lobes ovate-lanceolate, sharply and unequally sinuate- 
dentate, usually 2-3-lobed toward the apex; secondary lobes only 
slightly divergent not divaricate with reference to the primary 
lobes, acute: panicle ample, pyramidal, bracts reduced, subulate; 
heads numerous, 5-flowered, 5 to 7 lines long, shortly and incon- 
spicuously calyculate at the base or ecalyculate : involucral scales 
5, ovate-oblong narrowed to an obtusish apex, densely tomentose, 
4 to 5 lines long, nearly or quite 2 lines broad: akenes glabrous, 
stout, many-striate, light-colored.—Collected by C. G. Pringle, on 
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hillsides near Guadalajara, 10 October, 1889 (No. 2490). Dis- 
tributed as Cacalia peltata H.B.K., which however differs in its 
more numerously flowered heads, more leafy inflorescence, in the 
presence of long linear calyculate bracts, commonly exceeding 
those of the involucre, also in the more divaricately cleft lobes of 
the leaves. 

CacaLIA oBTUSILOBA, Radical leaves subcentrally peltate, 
orbicular in outline, 6-lobed to the middle, green and glabrate 
above, somewhat paler and puberulent beneath, a foot in diame- 
ter; lobes broad, again irregularly and obtusely lobed and 
mucronate-denticulate ; cauline leaves not seen: stem subsulcate, 
sordid-tomentulose: inflorescence thyrsoid-paniculate, tomentu- 
lose: heads many, 5-flowered, calyculate at base: involucral 
scales 5, oblong-linear, obtusish, green-backed, and tomentulose, 
24 to 3 lines long: flowers light colored.—Collected by C. G. 
Pringle, on the Sierra de San Felipe, altitude 6,000 feet, 17 
November, 1894 (No. 5840). 

Cacauia PAucicapiTaTa. Simple, slender, erect, 3 to 4 feet 
high: base tuberous, sending off a few stout fibres: stem terete, 
and as well as the petioles, pedicels, and under surface of the 
leaves densely white arachnoid-lanate; the indumentum being 
more or less deciduous: radical leaves sinuate-pinnatifid, 4 to 6 
inches long, two-thirds as broad, green and glabrate above, lateral 
lobes in 3 to 5 divaricate pairs, oblong, acutish, subentire or 
again more or less divaricately lobed ; petioles about equalling 
the blades; cauline leaves only one or two similar near the base: 
inflorescence a simple raceme : heads 6 to 8, large, 40-50-flowered, 
9 or 10 lines broad, calyculate with loose linear scales: inner 
involucral bracts about 13, broadly oblong, narrowed to an 
obtusish ciliolate apex: corolla tube slender, 4 lines long, thick- 
ened at the base, throat short; segments narrow: achenes 
elliptic, densely silky-villous.—Colleeted by C. G. Pringle, on 
dry slopes under oaks, Sierra de Clavellinas, altitude 7,000 feet, 
25 October, 1894 (No. 6018). 

CacaLia Radical leaves ovate-oblong, very 
deeply cordate, obtuse, shallowly and somewhat doubly sinuate- 
dentate, nearly a foot in length, 5 inches in breadth, glabrous, 
pinnately veined, scarcely paler beneath ; midrib purplish; petioles 
wingless, purplish, striate, nearly a foot and a half in length, 
woolly at the base; lower cauline leaves unknown, the upper 
reduced to very narrow linear dried bracts, 6 lines to an inch 
in length: stem green, striate, puberulent; floral leaves filiform : 
heads very numerous in a much-branched compound corymb, 
about 8 flowered: scales of the involucre 6 to 8, oblong, acute, 
strongly carinate, 24 lines long: corollas 5 lines long, segments 
two-thirds as long as the tube: achenes ribbed, nearly 2 lines 
in length.—Collected by C. G. Pringle, on the Sierra de las 
Crucis, State of Mexico, 21 August, 1892 (No. 5251). Radical 
leaves resembling in outline those of Silphium terebinthinaceum 
L. They are thinner and less strongly reticulated than in the 
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related species, C. pachyphylla Sch. Bip. and C. Palmeri Greene, 
besides being of very different shape. 

Cacatia TrIpacTyLitis. Tall, 8 feet high: stem leafy, sulcate- 
angulate, purplish, tomentulose: leaves trifid at least to the 
middle, green and puberulent above, paler and grayish-tomentose 
beneath, 3 to 6 inches long, nearly as broad, pinnate-palmately 
5-7-nerved from somewhat above the cuneate base; lobes lanceo- 
late, acute, somewhat incised-dentate: inflorescence a broad 
corymbous panicle leafy at base: heads very numerous, 5 lines in 
length, about 10-flowered, calyculate: involucral scales about 7, 
oblong-linear, acute, somewhat keeled, scarious margined, glab- 
rate: flowers white, considerably exceeding the involucres: 
achene ribbed, glabrous.—Collected by C. G. Pringle, on the 
Sierra de San Felipe, Oaxaca, altitude 6,000 feet, 19 November, 
1894 (No. 5841). 

Cnicus mupricatus. Slender, 3 to 5 feet high: radical leaves 
narrow and elongated 10 to 18 inches long, an inch wide, divided 
to the rhachis; the broadly ovate, angulate spinose-dentate lobes 
very numerous, about 80, mostly attenuate and regularly imbri- 
cated, green and puberulent, glabrate above, grayish-arachnoid 
beneath ; cauline leaves narrowly oblong, pinnatifid, decurrent at 
the base, 2 to 3 inches long; lobes short, spinose-dentate : heads 
terminal and solitary on long slender branches, nodding, de- 
pressed-globose, 1} inches in diameter: involucral scales linear- 
lanceolate, spinose-tipped, the outer spinose-ciliate, the inner elon- 
gated, densely purplish-lanate.—Collected by C. G. Pringle, in 
wet meadows, Sierra de Clavellinas, altitude 9,000 feet, October, 
1894 (No. 6006). A very attractive species. 

UrostEepHanus n. gen. of Asclepiadacecee (Gonolobee). Calyx 
5-parted, glanduliferous at the sinuses within. Corolla rotate, 
5-parted ; tube short; lobes flat, ovate or oblong, with dextrorsely 
imbricated margins. Corona borne upon the lower part of 
the column, tubular, nearly equalling the gynostegium, shallowly 
parted at the summit into 5 internal hornlike processes opposite 
the stamens and five external lobes alternating with them and 
produced on their outer surface and just beneath the apex into 
two filiform flexuous tails. Stamens united with the base of the 
corolla; filaments connate into a very short tube; anther-cells 
oblique; pollinia solitary in the cells, almost pendulous. Stigma 
depressed. Fruit and seeds unknown.—Twining. Leaves oppo- 
site, ovate, cordate. Flowers umbellate-cymose. 

U. conoronoives. Hirsute with somewhat tawny hairs sub- 
appressed on the leaves and reflexed on the slender stem: leaves 
ovate, entire, acuminate, cordate with a narrow sinus and rounded 
lobes, scarcely paler beneath, 2 to 24 inches long, half as broad; 
petioles half to three-fourths inch in length: peduncles 2 lines 
long, 1-5-flowered; pedicels of equal length: lobes of the calyx 
ovate-lanceolate, acute, nearly 2 lines long; pilose externally, 
glabrous within: corolla in dried state olive green, pilose exter- 
nally and covered at the throat within, with a short dense wool ; 
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lobes ovate-oblong, obtusish, 4 to 5 lines long, 24 lines broad at 
base: corona black.—Collected by C. G. Pringle, on hills above 
Oaxaca, altitude 6,000 feet, 6 August, 1894 (No. 4753). 

Buppier1a FiLoccosa Kunth. Two forms of this species are 
shown by Mr. Pringle’s 6025 (=6139) and by his 4925 from 
Oaxaca. The former numbers represent the typical form with 
rounded, defiexed interpetiolar appendages, while in the latter 
number these stipular structures are obsolete. No other differ- 
ences have been noted. The unappendaged form has also been 
secured in Guatemala by Donnell-Smith and von Tuerckheim. 

Ipom@a BRACTEATA Cav. var. PUBESCENS. A woody vine 
loosely twining to 15 feet: branches and petioles pubescent: 
leaves irregularly few-toothed, appressed sericeous-pubescent upon 
both surfaces.—Collected by C. G. Pringle, on barrancas near 
Guadalajara, altitude 4,500 feet, 3 May and 9 July, 1894 (No. 
4734). 

Ipomaa suFFutta Don. (Convolvulus suffulta HBK. Nov. Gen. 
et Spec. iii, 102, t. 211). So far as we can learn this species has 
never been collected since it was first found upon the volcano 
Jorullo by Humboldt and Bonpland. It has now been rediscov- 
ered in Oaxaca, having been secured by C. G. Pringle (No. 4755); 
on Monte Alban, altitude 5,800 feet by: L. C. Smith (No. 141); and 
Valley of Oaxaca, altitude 6,500 to 7,800 feet, by E. W. Nelson 
(No. 154i). The root, apparently not seen by Kunth, is thick 
and woody: the stems many, slender, prostrate-ascending. 

JACQUEMONTIA Smiruu. Suffruticose at base: much branched: 
stems procumbent: branches puberulent, ascending, 2 to 3 feet 
high, not twining: leaves ovate, acutish, mucronate, cordate, 
entire, puberulent upon both sides, the larger 14 to 2 inches long, 
two-thirds as broad ; ; petioles 1 to 9 lines long: peduncles slender, 
1 to 24 inches long, loosely 2-5-flowered : “pedicels 8 to 4 lines 
long: outer sepals rhombic-ovate, acuminate, about 3 lines long; the 
inner narrowly ovate, acuminate: corolla 6 lines long: lobes of 
the stigma thick, subglobose.—Collected by L. C. Smith, at 
Cuicatlan, Oaxaca, altitude 1,800 feet, 22 October, 1894 (No. 246) ; 
by C. G. Pringle, on dry calcareous soil, San Antonio, altitude 
2,500 feet, 1 September, 1894 (No, 4848); and by E. W. Nelson, 
six miles above Dominguillo, Oaxaca, altitude 6,500 feet, 22 Octo- 
ber, 1894 (No. 1600). Foliage and flowers much as in Z. violacea 
Choisy, but stem not twining, inflorescence looser, and lobes of 
stigma strikingly different, being in the latter species slender and 
almost linear. 

SoLranum PrinGiet. Herbaceous, unarmed, with a soft gray 
ubescence ; hairs simple, those of the stem and petioles spread- 
ing, of the leaves appressed : leaves single below, geminate above, 
ovate, acuminate, abruptly contracted to an acute base, 2 to 5 
inches long, two-thirds as broad; petioles 4 to 12 lines long: 
flowers an inch in diameter, blue, axillary in pairs; pedicels an 
inch or more in length: calyx ur ceolate with 5 or 10 small obtuse 
dark-colored prominences below the thin shallowly and bluntly 


Robinson and Greennan—Mexican Plants. 161 


3—4-lobed rim: corolla rotate, pentagonal, nearly entire: stamens 
erect, unequal, one longer: fruit globose, bright red, nearly half 
inch broad.—Collected by C. G. Pringle, in mountain caiions near 
Guadalajara, 18 November, 1892 (No. 5343). 

Porosina. Densely glandular-pubescent, 
freely branched: stems and branches subterete, finely striate : 
leaves geminate, ovate-lanceolate, acute, contracted below to a 
shortly cuneate base, thin in texture, the larger ones 18 to 22 
lines long, half as broad : pedicels solitary or less frequently in 
pairs, 4 lines long in anthesis : calyx 5-toothed almost to the mid- 
dle, nearly enveloping and closely appressed to the fruit, but 
finally ruptured and more or less reflexed, teeth ovate, acute, cili- 
ated : corolla rotate, 5-toothed, nearly to the middle, 4 lines broad, 
pale yellow, pubescent in the throat; segments ovate, acute, 
pubescent upon the outer surface near the tip and ciliate: fila- 
ments nearly twice as long as the oblong anthers: fruit globose, 
red, the size of a pea.—Collected by C. G. Pringle, in Tamasopo 
Cafion, San Luis Potosi, 25 November, 1890 (No, 3654). Leaves 
quite entire, thinner than in the other Mexican species, and corollas 
smaller and more deeply divided. 

SARACHA GRANDIFLORA. Densely cinereous-pubescent : stems 
angulate, tomentose: leaves single or geminate, ovate, undulate 
or somewhat sinuate-dentate, obtusish, appressed-villous upon 
both surfaces, pale beneath, 2} inches long, 2 inches broad, 
abruptly contracted at the base but decurrent into tomentose 
petioles 6 to 7 lines in length: peduncles axillary, 3 to 7 lines 
long, about 3-flowered ; pedicels 7 to 9 lines in length: calyx 
appressed-villous, about 10 lines broad in anthesis, 1} inches ‘in 
fruit, with 5 shallow triangular blunt lobes: corolla pentagonal, 
scarcely lobed, pubescent on the outer surface, conspicuously cili- 
ated, 14 lines in diameter: stamens rather close in the throat; 
filaments nearly or quite glabrous but a line or two long: fruit 
globular, 5 lines in diameter.—Collected by C. G. Pringle, on 
hills near Patzcuaro, Michoacan, 22 July, 1892 (No. 5273). 

JUSTICIA LINEARIS. Tomentulose, fruticose: leaves linear, 
crowded near the ends of the ascending cinereous branches, erect, 
an inch in length, a line in breadth, 1-nerved, sessile; margins 
strongly revolute : flowers sessile, axillary: calyx deeply 5-parted; 
segments sub-equal, linear, attenuate, 4 lines long: corolla pubes- 
cent upon the outer surface especially upon the veins, about 9 
lines in length with an ampliate throat, the upper lip very shortly 
bifid ; the lower more deeply 3-parted, the segments rounded, the 
middie one the largest : stamens of the genus: styles slightly 
pubescent below, minutely and unequally bidentate at the apex 
valves of the capsule half inch long.—Collected by C. G. Pringle, 
upon dry hills, Las Tablas, San Luis Potosi, 5 August, 1891 (No. 
5038). This species showing all the floral characters of Justic ia, 
is very distinct in habit from any species known to us. It was 
collected in a season of especial drought and only a very limited 
quantity of material secured. 


Am. Jour. Sc1.—Tuirp Series, VoL. L, No 296.—Aveust, 1895. 


1] 


162 Robinson and Greenman—NMexican Plants. 


Lipria NuTANs. Shrub with grayish glabrate stems and pale 
brown angulate sparingly puberulent branchlets: leaves ovate- 
acutish, cuneate at the base, thickish, strongly rugose-warty, his- 
pidulous and slightly lucid above, paler and rather densely 
pubescent beneath, an ineh long, two-thirds as broad; petioles 
about 2 lines long, canaliculate and hispid pubescent above: 
peduncles slender, commonly recurved and nodding, opposite in 
the upper axils, pubescent, about 9 lines long: heads globose, 
an inch in diameter: bracts ovate, obtuse, reticulated, glandular- 
pubescent upon both surfaces and ciliate, thin, pale, and sub- 
chartaceous, the lowest ovate; the upper more elliptic, 4 to 6 
lines long, half as broad: flowers shortly pedicellate, 3} lines 
long: calyx densely pubescent.—Collected by C. G. Pringle, in 
Las Hoyas Cafion, Oaxaca, altitude 4,500 feet, 2 November, 1894 
(No. 5650). 

Lirr1a Oaxacana. Shrub, 3 to 5 feet high: stems cinereous, 
smoothish, subterete; branchlets canescent-tomentose: leaves 
ovate-oblong, obtuse or rounded at the base, acute or obtuse at 
the apex, 10 to 18 lines long, half as broad, very rugose and 
densely pubescent above, paler and tomentose beneath, crenulate- 
serrulate, short petiolate: inflorescences terminal on the branches, 
rather dense and spike-like, 2 inches long, nearly an inch in diam- 
eter, somewhat looser and rarely branched below: bracts rhom- 
bic-obovate, yellowish green, 4 lines long, half as broad, abruptly 
acuminate, pubescent upon the outer surface, ciliate upon the 
margin, 1-flowered ; flowers 2} lines long: calyx 2-lobed, densely 
pilose-pubescent : corolla 4-lobed, 13 lines long, sparingly pubes- 
cent externally: fruit pear-shaped.—Collected by C. G. Pringle, 
on dry limestone hills, Las Hoyas Cajfion, Oaxaca, altitude 5,000 
feet, 1 November, 1894 (No. 6021); and by E. W. Nelson, six 
miles above Dominguillo, altitude 5,000 to 6,000 feet, 3 October, 
1894 (Nos. 1586 and 1841). 

STACHYTARPHETA NeEtsoni. Fruticose : branches cinereous: 
branchlets more or less distinctly 4-angled, sordid-tomentulose : 
leaves opposite, or nearly so, rhombic-ovate, serrate-dentate from 
below the middle, acutish, rather abruptly contracted at the base 
and then decurrent upon the petiole, appressed-pubescent above, 
paler and tomentulose beneath, 1 to 14 inches in length, 6 to 8 
lines in breadth: spikes 2 to 4 inches long, 4 lines in diameter: 
bracts lance-linear, acute, pubescent upon both surfaces, not 
strongly ciliated, 3 lines long, a line broad below: calyx split 
two-thirds of the way to the base on the ventral side, 4 lines long; 
externally pubescent, teeth cohering: corolla curved and nodding, 
7 lines long, externally glabrous, pubescent in the throat, purple. 
—Collected by E. W. Nelson, six miles above Dominguillo, 
Oaxaca, altitude 5,000 to 6,500 feet, 30 October, 1894 (No. 1590). 
Habit nearly as in S. acuminata, DC., which was also collected 
by Messrs. Pringle and Nelson. The latter species is much less 
pubescent and has longer and conspicuously ciliate bracts. 
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Satvia Lirrz Vis. Specimens have just been received which 
agree in all essential characters with Bentham’s description of 
the above species in DC. Prodr., but the plant differs, however, 
in being herbaceous, as noted by the collector, and also in having 
a sparingly pubescent style. Without access to the type it is 
impossible to say, with absolute certainty, whether or not this 
plant is the same.—Collected by C. G. Pringle, on Sierra de 
Clavellinas, Oaxaca, altitude 9,000 feet, 18 October, 1894 (No. 
4991); also by E. W. Nelson 18 miles southwest of the City of 
Oaxaca, altitude 7,500 to 9,500 feet, 10-20 September, 1894 (No. 
1342). 

Satvia vitiroLiia Benth. Excellent specimens, agreeing in all 
points with the original description, show the root-character not 
hitherto described. From a knotted root-stock, fleshy fusiform 
fibres are given off which in the material at hand are a third of 
an inch in diameter.—Collected by C. G. Pringle, on the Sierra 
de San Felipe, Oaxaca, altitude 7,500 feet, 26 May, 1894 (No. 
4659); also by E. W. Nelson, in the same locality, 1 September, 
1894 (No. 1169); and by L. C. Smith, San Juan del Estado, alti- 
tude 7,000 feet, 4 June, 1894 (No. 169). Here also should be 
placed Mr. Seaton’s No. 376 from Maltrata. 

SALVIA THYRSIFLORA Benth. A shrubby plant with a beauti- 
fully thyrsoid inflorescence has been collected by Mr. Pringle on 
mountains near Patzcuaro, 21 December, 1891 (No. 4097), which 
corresponds in all particulars to Bentham’s description of this 
species except in having somewhat larger acute leaves (2 inches 
long) and a calyx puberulent but not glandular-pubescent. 

ScuTELLARIA AUREA. Stem branched, densely grayish pubes- 
cent: leaves broadly ovate, shortly and acutely acuminate, 
coarsely crenate-dentate, thin, green and puberulent, much paler 
and pubescent especially upon the veins beneath, rounded or sub- 
cordate at the base, 3 to 4 inches long, 2 to 2? inches broad ; 
petioles 8 to 15 lines long, densely pubescent: flowers in pairs 
subtended by small ovate acuminate bracts and forming several 
elongated simple racemes; pedicels a line long: calyx green, 
puberulent, ciliate upon the margin, in anthesis 2 to 24 lines long: 
corolla an inch in length, puberulent, orange-colored, paler ven- 
trally; the slender proper tube densely and retrorsely pubescent 
within, throat more or less ventricose ; lateral lobes united with 
the dorsal pair to form the upper lip; the lower lip of a single 
emarginate lobe.—Collected by L. C. Smith, Rancho de Calderon, 
Oaxaca, altitude 6,500 feet, 13 August, 1894 (No. 173). 

LoraNnTAUS INORNUs. Stems slender, terete or nearly so, glab- 
rous, scoparious, flexuous, branched: branches spreading, not en- 
larged at the nodes, essentially terete : leaves alternate, mostly 
reduced and subulate, the larger 8 lines long, 14 lines broad, 
oblanceolate, acutish, cuneate at base, nerveless: flowers axillary, 
sessile, usually in pairs or solitary, 14 lines long: calyx cupulate, 
entire: divisions of the corolla 4, oblong, acutish, caducous and 
early disclosing the persistent style: fruit ovoid, 14 lines long, 
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two-thirds as broad.—Collected by L. C. Smith, at Cuicatlan, 
altitude 2,000 feet, 27 August, 1894 (No. 122). The ZLoran- 
thus, which in character most nearly approaches this is LZ. incon- 
spicuus Benth., which is said to have ancipital branchlets and 
obovate oblong obtuse obscurely 3-nerved leaves. 

PEDILANTHUS TOMENTELLUS. Tall, 5 to 8 feet in height, rusty 
tomentulose: branches stout, terete: leaves short-petioled, ovate- 
oblong to oblong-lanceolate, narrowed at both ends, obtusish, 
tomentulose upon both surfaces, 2 inches long, an inch broad; 
cymes terminal, twice dichotomously forked, about 2 inches in 
diameter, outer floral leaves and those at the forks large, bright 
red, sessile, broadly ovate or suborbicular, cordate, shortly acu- 
minate, tomentulose, 12 to 15 lines long, inclosing the smaller inner 
bracts and involucres, thus giving the cyme a somewhat 2-headed 
appearance: involucres half inch in length, tomentulose, un- 
equally 5-cleft at the mouth, the divisions rounded to subtruncate 
with an erose or fimbriated margin, the 3 posterior much smaller, 
linear-oblong ; the appendage deeply 2-cleft; divisions about 34 
lines long, lanceolate-obtuse, thickened at the apex: glands 2 or 
4: pedicels of the ¢ flowers glabrous; filaments and anthers 
pubescent; pedicel, ovary, and style of the 2 flower ferrugineous- 
tomentose; style 24 lines long, the 3 divisions 2-cleft.—Collected 
by C. G. Pringle, in fence-rows, near the City of Oaxaca, August, 
1894 (No. 4912); and by E. W. Nelson, 40 miles northeast of the 
City of Oaxaca, altitude 5,500 feet (No. 1201). 

EvurHorsia MACROPODOIDES. Low, somewhat succulent, 2 to 
5 inches high, springing from a dark rough tuber: the latter at 
first fusiform but becoming much thickened and irregular, 14 
inches in diameter, sending off occasional fibres: stem smooth, 
weak, hollow, pale and leafless below as though subterranean ; 
copiously dichotomously or alternately branched; branches 
crowded, leafy: leaves chiefly alternate (a few sub-opposite), 
slender-petioled ; suborbicular to short-oblong, regularly but ob- 
scurely serrulate, rounded both at the apex and at the nearly 
equal base, 2 to 3 lines in diameter, sparingly pubescent or almost 
glabrous, slightly paler beneath; petioles 1 to 1? lines long: 
involucres solitary, axillary, sparingly pubescent, a little over 1 
line in diameter, on slender peduncles (3 to 4 lines long); glands 
5, reniform with ovate obtuse appendages; lobes of involucre 
slightly fimbriate: capsule strongly 3-angled, glabrous; styles 
bifid, spreading ; seeds ovoid, grayish, a line long.—Collected by 
C. G. Pringle, on the Sierra de San Felipe, Oaxaca, altitude 
10,000 feet, 26 June, 1894 (No. 4713). Habitally and in floral 
characters very near £. macrocarpus Boiss., but with leaves 
rounder, longer-petioled, smoother and serrulate. 

ACALYPHA GLANDULIFERA. A moneecious shrub, 5 to 8 feet 
high: branches terete, brownish, finely pubescent : leaves ovate, 
cordate, tipped with a short caudate point, serrate-dentate, 
appressed-pubescent above, more densely pubescent or grayish- 
tomentose beneath, 2 to 3 inches long, two-thirds as broad; 
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petioles 8 to 16 lines long, densely pubescent ; stipules subulate, 
reflexed, pubescent upon the lower surface, about 2 lines long, 
at length deciduous: staminate inflorescence elongated fiexuous, 
about 4 inches long, upon peduncles 1 to 4 lines in length: 
pistillate spike oblong, rather loose-flowered, 14 to 14 inches 
long, about two-thirds as broad, peduncles slender, rather rigid, 
ascending, an inch and a half long, cinereous-pubescent below, 
glandular-pubescent above; bracts 1-flowered, 7-parted; each 
segment lanceolate and green at the base, elongated to slender 
purple filiform tips, 4 to 6 lines in length, bearing numerous 
divaricate glanduliferous hairs: ovary hispid-pubescent toward 
the apex; styles multifid, reddish-purple.—Collected by C. G. 
Pringle, wet caiions, Sierra de San Felipe, Oaxaca, altitude 7,500 
feet, 13 August, 1894 (No. 4789); and by E. W. Nelson, in the 
vicinity of Sierra de San Felipe, altitude 9,500 to 11,000 feet, 
1 September, 1894 (No. 1165). 

PARIETARIA MACROPHYLLA. Suffrutescent and decumbent at 
base, 1 to 2 feet high, finely pubescent: stem subterete, striate : 
leaves thin, lanceolate, narrowed both ways, mostly caudate- 
attenuate to an obtusish faleate secund tip, punctate, nearly 
glabrous, dark green above, scarcely paler beneath, of variable 
size, the larger 5 inches long, 14 to 14 inches broad, mostly 
3-nerved from the base, on thickish petioles 2 to 24 inches in 
length : inflorescence at first glomerate, becoming looser; the 
axillary cymes 6 to 8 lines long, spreading, very pubescent: 
lobes of the calyx 4, lanceolate, acuminate, about a line long, 
twice the length of the tube, nearly glabrous: fruit becoming 
black and shining, nearly half line in length.—Collected by E. W. 
Nelson, on the top of the Sierra Madre near Chilpancingo, 
Guerrero, altitude 9,000 to 10,200 feet, 24 December, 1894 (No. 
2231). 

SPIRANTHES ERIOPHORA. Roots several, oblong, fleshy, tuber- 
like: base of stem surrounded by the sheaths of old leaves: 
leaves radical, narrowly oblong-lanceolate, acute, 3 to 4 inches 
long, 3 to 4 lines wide, glabrous: stem a foot to a foot and a 
halt high, glabrous below, densely ferrugineous-lanate above, 
covered throughout its whole length by white and scarious ovate- 
lanceolate attenuate striate bracts: spike 4 to 6 inches long, 
5-10-flowered; floral bracts similar in texture to those of the 
stem, more ovate, exceeding the flowers: flowers sessile: the 
erect ovary as well as the external surface of the outer divisions 
of the strongly deflexed perianth pubescent: the upper sepals 
oblong-lanceolate, acute : the lateral linear-lanceolate, acuminate, 
about 7 lines long: lateral petals adnate to the upper sepal ; 
labellam panduriform; margins involute; lateral lobes very 
short, almost obsolete.—Collected by C. G. Pringle, in pine 
woods, Sierra de San Felipe, Oaxaca, altitude 9,000 feet, 31 May, 
1894 (No. 4682). 

SPIRANTHES RUBROCALOSA. Tuberous roots 2 to 4, oblong, 
covered with minute fibres: radical leaves 2, narrowly lanceolate, 
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acuminate both ways, glabrous, 3-nerved, including the petiole 
4 to 5 inches long, half inch broad: stems a foot or more in 
height, smooth or somewhat pubescent: scales oblong-lanceolate, 
sharply acuminate: floral bracts ovate to elliptic-lanceolate, 
acuminate, 4 to 6 lines long, about equalling the ovary: spike 
many-flowered, 4 to 7 inches long; lower flowers sometimes scat- 
tered; the upper imbricated; perianth nodding; sepals narrowly 
oblong, obtuse, 3-nerved, 2 lines long, not noticeably decurrent 
upon the ovary; lateral petals spatulate, obtuse, 1-nerved, equal- 
ling the sepals; labellum shortly unguiculate, oblong, obtuse, 2 
lines long; the blade shortly and inconspicuously auricled at the 
base; margin slightly wavy, inflexed near the apex ; callosities 2, 
two-thirds the length of the labellum, bright red: fruit 5 lines 
long.—Collected by C. G. Pringle, chiefly under Arbutus, in cool 
porphyritic gravel, Sierra Madre, Chihuahua, October, 1887 (No. 
1373); and on dry ledges under firs, Sierra de las Crucis, 20 
August, 1892 (No. 5326). Mr. Pringle’s two plants differ only in 
the fact that in the first mentioned the stem and inflorescence 
is sparingly pubescent, in the other quite glabrous. 

SisyRINCHIUM ALATUM Hook. var.? ANGusTiIssimuM. Erect 14 
feet high: root a cluster of elongated tough fibres somewhat 
thickened below : stems scarcely at all flexuous, only 1 to 14 lines 
in breadth : cauline leaves 4 to 12 inches long, 14 to 2 lines broad, 
erect: flowers and fruit as in the typical form but spathes more 
slender.—Collected by C. G. Pringle, on the Sierra de San Felipe, 
altitude 9,500 feet, 22 June and 29 August, 1894 (No. 4703). 
The tall slender erect stems and narrow elongated leaves are so 
different from the original form of the species that the present 
plant would have appeared distinct but for the occurrence of a 
good intermediate in Mr. J. Donnell-Smith’s No. 1297 from 
Guatemala, and the well known polymorphous character of the 
species. 

SIsyYRINCHIUM EXALATUM. Erect, 14 to 2 feet or more in 
height: root a cluster of long stout but scarcely tuberous fibres ; 
stem terete, smooth, 3-5-leaved, ending in several dichotomous 
flexuous branches, subtended by linear-lanceolate bracts: leaves 
linear attenuate; the outermost basal 2 to 4 inches long, 2 lines 
broad, flat; the inner basal and lower cauline elongated, 8 to 18 
inches long, 2 to 3 lines broad; the upper shorter, bractlike : 
clusters of flowers solitary, terminal on the branches, 3-5-flowered ; 
outer spathes 14 to 22 lines long, exceeding the inner: perianth 
golden yellow; the outer divisions obovate, short-acuminate, 
about 4 lines long, 2 lines broad ; the inner slightly smaller: 
filaments united for about a third of their length; anthers oblong- 
linear, about 3 lines in length: young capsule pubescent, short- 
obovoid, 3 lines long.—Collected by L. C. Sraith on the Cuilapan 
Mountains, Oaxaca, altitude 7,000 feet, 27 June, 1894 (No. 52). 

SisyRrncHIuM PoLycLtapuM. Tall, much branched and very 
leafy above, 14 feet high, drying green: root fibres nimerous, 2 
to 4 inches long, fusiform-thickened near the ends: stems erect, 
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rather slender, nearly terete and leafless up to the first fork : 
branches flattened and narrowly winged, scarcely a line in 
breadth, flexuous, several times forked : radical leaves 6 to 8 
inches long, a line wide, surrounded at the base by fibres of 
decayed leaves; cauline leaves 24 to 4 inches long, 1} to 3 lines 
broad, often faleate : spathes solitary, terminal upon the ultimate 
divisions of the branches, 2(-3)-flowered, 8 to 10 lines long, slen- 
der and not ventricose: flowers 8 lines in diameter, yellow, 
exserted upon slender pedicels: divisions of perianth elliptic : 
stamens connate only at the base : capsule shortly obovate-oblong, 
somewhat triquetrous, puberulent when young but quite glabr ate, 
at maturity nearly 4 lines in length. —Collected by C. G. “Pringle, 
on rocky banks, Sierra de San Felipe, Oaxaca, altitude 7,500 feet, 
11 September, 1894 (No. 4902). 

Nemastyuis Ducrst Watson, Proc. Am. Acad. xxiv, 86. Add 
syn. VV. flava Robinson, ibid. xxix, 323. Dr. Watson’s species, 
described from drawings and somewhat fragmentary material, 
was not at once recognized upon its subsequent collection in more 
perfect specimens. 

Hecutia Prinecet. Leaves fifteen or twenty, clustered at the 
base, linear-oblong from an ovate base, spinose-tipped and pun- 
gent, about 8 inches long g, remotely serrate with firm curved 
reddish spines; margins repand and in dried state involute; both 
surfaces but especially the upper argenteous, scurfy: stem 2 to 4 
feet high, half inch thick, simple, scape-like: panicle a foot 
in length, cylindric, mealy-puberulent: bracts attenuate from an 
ovate base: rhachis flexuous, branches numerous, mostly simple, 
spike-like, ascending or somewhat flexuous and more or less 
spreading : bractlets ovate, acute, erose, each subtending a single 
flower: the ¢ flowers subsessile, outer divisions of the perianth 
ovate-rotund, 3-nerved, scarious-margined, somewhat puberulent 
on the outer surface, a line long, the inner a third longer, elliptic- 
oblong, obtuse: anthers slightly exserted, apiculate: @ flowers 
sessile; outer divisions of perianth deltoid, acuminate; the 
inner longer, lanceolate, attenuate.—Collected by C. G. Pringle, 
on the east side of the valley of Oaxaca, abundant, sometimes 
growing in patches or masses, May, 1894 (No. 4637). 

DioscorEa caPILLaRIs Hemsl. Specimens corresponding in 
all essential points to Hemsley’s description of this species, have 
been collected by Mr. Pringle, at El Parian, Oaxaca; altitude 
5,000 feet, 3 October, 1894 (No. 5700), and on dry ground in the 
Sierra de San Felipe, altitude 7,000 feet, 11 October, 1894 (No. 
5829). In the latter locality the hitherto undescribed fruit was 
secured, furnishing the following supplementary characters: fer- 
tile spikes simple, 1 to 4 inches long ; capsules deflexed, elliptical, 
6 to 7 lines in length, half as broad, tipped with the persistent 
styles and stigmas. 

DroscorEA CONVOLVULACEA Cham. and Schlecht. Specimens 
agreeing well in other respects with this species but having very 
large flowers (5 lines in diameter) were secured by Mr. Pringle 
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on the Sierra de San Felipe, Oaxaca, altitude 7,500 feet, 13 August, 
1894 (No. 5672). The segments of the perianth are deep purple, 
almost black, but sometimes tipped with yellow. 

ANTHERICUM LEUcocoMuM. Root-fibers numerous, long, simple, 
enlarged and fusiform near their ends: base of the stem sur- 
rounded by persistent fibrous remains of earlier leaves: radical 
leaves 8 to 12, lance-linear, 3 to 4 inches long, 3 to 4 lines broad, 
acute, entire, narrowed at the base, conspicuously and densely 
white-pilose upon both surfaces, 13-15-veined; margins ciliated : 
stem somewhat compressed, pilose at least toward the base, leaf- 
less, 6 inches to a foot high: bracts scarious, attenuate, the lower 
6 to 8 lines long: inflorescence a simple or branched raceme, 1} 
to 8 inches long: pedicels 2 to 4 lines long, articulated in 
the middle: flowers usually 3 in each bract; perianth yellow ; 
divisions oblong-lanceolate, acute, 3-nerved, 6 lines long: fila- 
ments smooth: capsule short-oblong, 34 lines in length, glabrous. 
—Collected by C. G, Pringle, in Oaxaca, 1894 (No. 4783), and 
by L. C. Smith, at Cuilapan, Oaxaca, altitude, 6,000 feet, 27 June, 
1894 (No. 63). 

ScH@NOCAULON TENUIFOLIUM. Veratrum tenuifolium Mart. and 
Gal., Bull. Acad. Brux. ix, 380 (reprint, p. 9). Asagrwa? tenui- 
folia Kunth, Enum. iv, 700. This species, now rediscovered by 
Mr. Pringle, proves quite distinct from S. officinale Gray, with 
which it has been united by recent authors. The original descrip- 
tion may be supplemented as follows: Caudex erect, cylindrical, 
4 to 10 inches long, surrounded by a dense envelope of dark fibers: 
leaves linear, attenuate, 2 feet or more in length, 3 lines in breadth, 
smooth upon the surfaces, obscurely or obsoletely denticulate, 
about 11-nerved: naked scape 6 to 8 inches high, terete, smooth : 
inflorescence dense, 3 to 4 inches long: bractlets broadly ovate, 
obtuse, scarious, shorter than the sessile flowers : divisions of the 
perianth obovate or sub-rotund, 7—9-nerved, green tipped with 
red, 2} lines long; margins erose: fruiting spike very broad, 2 
inches in diameter, fertile only near the base: valves 6 to 8 lines 
long.—Collected by C. G. Pringle, on summit ridges, Sierra de 
San Felipe, Oaxaca, altitude 10,200 feet, 22 May (in flower) and 
21 August (in fruit), 1894 (No. 5857). 
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III. A Synoptic Revision of the Genus Lamourouxia. 


Lamovurouxia HBK. (Dedicated to J. V. C. Lamouroua, 
professor of natural history at Caen, born 1773, died 1825.)— 
Calyx campanulate, 4-cleft; segments subequal or connate in 
pairs (in one species the ventral cleft much deeper than the 
others, giving the calyx a unilateral and spathe-like form). 
Corolla long, much exceeding the calyx ; throat elongated and 
more or less ventricose, laterally compressed ; limb bilabiate ; 
posterior lip erect, somewhat galeate, entire or emarginate ; the 
lower usually shorter, ventricose, 2-plicate and with 3 small 
more or less spreading lobes. Stamens 4, didynamous, usually 
included and ascending under the galea, rarely exserted, all 
fertile or the posterior pairs with reduced sterile or obsolete 
anthers ; fertile anthers contiguous or sometimes coherent in 
pairs, densely woolly ; cells distinct, parallel or oblique, often 
calearate at the base. Style undivided; stigma terminal. 
Capsule ovoid, loculicidal; valves entire, with central placente. 
Seeds very numerous, small, minutely roughened or reticulated. 
—Chiefly perennial herbs exclusively of subtropical and western 
tropical America, extending from Northern Mexico to Peru, 
growing chiefly upon the mountains and at middle altitudes. 

abit erect, decumbent, or rarely somewhat scandent. Leaves 
opposite, entire, dentate, serrate, crenate, or in one species dis- 
sected. Flowers orange to crimson, showy, spicate- or race- 
mose-paniculate, or somewhat corymbous.—N ov. Gen. et Spec. 
li, 335, t. 167-169; Benth. in DC. Prodr. x, 539. 

§ 1. EupHRAsIoIDES Benth. 1. c. Fertile stamens 4, equal or 
nearly so; a very rudimentary fifth sometimes present. 


Leaves bipinnatitid. 


1, L, murtiri~a HBK. Perennial, well-marked in the genus 
by its dissected foliage, scabrous-puberulent to densely and some- 
what glandularly pilose: base a small woody tuber: flowers in 
the typical form 12 to 16 lines in length—HBK., 1. ¢., 339. 
L. laciniata Mart. and Gal., Bull. Acad. Brux, xii. 2, 32 (inel. var. 
pilosa, the commoner form).—Common at moderate altitudes 
(2,500 to 8,000 or even 11,000 feet), throughout Central and 
Southern Mexico to Guatemala; San Luis Potosi, Parry and 
Palmer, 687; Jalisco, Pringle, 2833; Valley of Mexico, Bour- 
geau, 612; Mexico, without locality, Graham ; Chiapas, Ghies- 
brecht, 704; Guatemala, Pl. Guat. Donnell-Smith, 813, 4013; 
Orizaba, Seaton, 134; Sierra de San Felipe, Oaxaca, Pringle, 
4829, and Nelson, 1098, 1798. 

VaR. GRANDIFLORA Benth. Flowers considerably larger, be- 
coming 2 inches in length.—Benth., |. ¢., 540. JZ. grandiflora 
Benth., acc. to Linden, Cat. n. 10 (1855), 6.—Jalisco, Hartweg, 
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187; State of Mexico, Pringle, 3149; Guanajuato, Dugés, 385. 
Intermediate forms passing to the type are represented by Ghies- 
brecht’s 84 from Chiapas and his unnumbered specimen trom the 
Plateau of Mexico, as well as by Coulter’s 1356, without exact 
locality. 


* *« Leaves serrate, crenate, or entire. 
+ Anther-cells conspicuously calcarate at base. 
++ Calyx-teeth subulate: leaves entire or nearly so. 


2. L. toneironia Benth. Calyx 5 to 7 lines long: leaves 


oblong-linear, attenuate at both ends, acute, the larger 2 inches 
long, 14 to 24 lines broad; margins recurved.—PI. Hartw. 22, 
and in DC. Prodr. x, 540.—Northwest Mexico in the Sierra Madre, 
Seemann ; Jalisco near Balaiios, Hartweg, 188. 

3. L. uyssoprroria Gray. Calyx 3 to 4 lines long: leaves 
mostly shorter and broader, oblanceolate to spatulate, acute or 
obtusish, 9 to 18 lines long, 2} to 34 lines broad.—Proc. Am. 
Acad., xxi, 404.—Southwestern Chihuahua, Palmer, 266. 


++ ++ Calyx-teeth oblong, obtusish: leaves serrate. 


4. L. Prinetet. Tomentulose, 3 to 5 feet high, branched 
from a somewhat ligneous base: stems terete: leaves elliptical, 
obtuse, 4 to 9 lines long, nearly half as broad, obtusely serrate 
from the middle, narrowed and shortly petiolate at the base: 
racemes several, rather dense; pedicels only a line or two in 


length: flowers 2 inches or more in length.—Garden and Forest, 
viii, 275, t. 39.—On cold ledges of Sierra de San Felipe, altitude 
10,000 feet, 25 September, 1894, Pringle, 4927; and near Tama- 
zulapam, altitude 7,800 feet, 13 November, 1894, Nelson, 1953. 


+ + Anther-cells obtuse or acute at base, but not distinctly spurred: leaves 
serrate. 


++ Flowers small: corolla 7 to 10 lines long. 


5. L. Breviro.tia Benth. Pubescent throughout: flowers sub- 
sessile. — Benth. in DC, Prodr. x, 540,—Chachapoyas, Peru, 
Mathews, 3138. 

6. L. parvirtora Hemsl. Glabrous or glabrate: flowers short- 
pediceled.—Biol. Cent.-Am. Bot., ii, 465. “ Mexico, without local- 
ity, Tate, 31, Mairet, 56.” 


++ ++ Flowers larger; corolla 14 lines to 24 inches long. 
== Calyx very irregular, deeply cleft anteriorly; lobes lanceolate, usually acute. 


7. L, Xarapensis HBK. Calyx slender, spathe-like, 6 to 8 lines 
long: corolla 15 to 18 lines long.—Nov. Gen. et Spec., ii, 388. 
LL, spathacea Benth., 1. ¢., 539.—Jalapa, Humboldt and Bon- 
pland ; Orizaba, Botteri, 383, 1169. Bentham’s L. Xalapensis 
of the Podromus exclusive of Humboldt’s specimen may well have 
been the following. 
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== = Calyx less irregular: lobes usually broad, ovate or oblong, obtusish, or in 
the first linear-oblong and acutish. 


8. L. ExsERTA. Puberulent: stem subtetragonal, copiously 
branched above: leaves narrowly lanceolate, sharply serrate, 
acute to acuminate, 1 to 24 inches long, 3 to 5 lines broad, nar- 
rowed at base to slender petiole: racemes lax and secund; pedi- 
cels 2 to 4 lines long: calyx glabrous, 4 to 6 lines in length; the 
lobes narrowly oblong: corolla 1 to 14 inches long, densely pubes- 
cent: stamens conspicuously exserted.—Valley of Mexico, Bour- 
gyeau, 986, Schaffner, 367; and in rich ravines of Sierra de Clavel- 
linas, Oaxaca, altitude 9,000 feet, 18 October, 1894, Pringle, 4995 ; 
also on top of Sierra Madre near Chilpancingo, altitude 9 ,000 to 

10,200 feet, 24 December, 1894, Nelson, 2216, and at Tlalixtaquilla, 
Nelson, 2261. 

9. L. DEPENDENS Benth. Hirsute: leaves ovate-lanceolate: 
calyx-lobes broad and often serrate: flowers rather long-pedi- 
celed, 14 inches long: flowering branches pendulous.—Benth., 
l. ¢., 589.—“ Guatemala, Skinner.” Ghiesbrecht’s 74, 173, 176, 
and 706 from Chiapas may be doubtfully placed here, and -/. Don- 
nell-Smith’s 2162, which we have not seen, has also been referred 
to this species. 

10. L. wacrantua Mart. and Gal. Pubescent with soft spread- 
ing articulated Lairs: stem rather stout, erect from a somewhat 
decumbent base: leaves ovate, subsessile, doubly and rather 
deeply crenate-serrate, obtuse: racemes erect: calyx-lobes entire: 
corolla 24 inches long, "red dorsally and yellow ventrally : stamens 
not produced beyond the galea.—Bull. Acad. Brux., xii, 2, 32. 
L. betonicefolia Benth., |. Mexico, 7,500. to 10,200 
feet altitude, on Sierra ‘de San Felipe, Oaxaca, Pringle, 4854, 
Nelson, 1070, 1343. Originally collected in Orizaba by Galeotti. 

11. L. ovata Mart. and Gal., |. c., 33. Similar to the last, but 
with flowers much shorter, 1} to 14 inches long: inflorescence 
more leafy: calyx-lobes more or less serrulate.—-Oak woods, 
Sierra de San Felipe, Oaxaca, Pringle, 4762; in neighboring 
locality, Welson, 1118. Originally collected in the same general 
region by Galeotti, 989. 

§ 2. Hemispapon Benth. Fertile stamens only 2, or the pos- 
terior pair at least much shorter and with reduced anthers. 


* Leaves ovate or oblong, broad at base, sessile or nearly so; Mexican and Central 
American species. 


+ Some or all of the calyx-lobes serrate. 


12. L. RHINANTHIFOLIA HBK. Leaves very sharply and doubly 
serrate: flowers not densely aggregated : tube of the calyx short, 
campanulate, obscurely 2-3-nerved at each sinus.—Noy. Gen. et 
Spec., ii, 337, t. 169.—Common: San Luis Potosi, Schaffner, 
750; Parry and Palmer, 686; Valley of Mexico, Bourgeau; Zim- 
apan, Coulter, 1357; Orizaba, Seaton, 464; State of Mexico, 
Pringle, 5335; Guanajuato, Dugés, 387; Oaxaca, Pringle, 4661 ; 
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Nelson, 1040, 1131. Andrieux’ 158, from Gonocatepec, referred 
by Hemsley to Z. viscosa, has the pubescence, serrulate calyx- 
lobes, and elliptical rameal leaves of the present species, of which 
it is probably only a small and more densely-flowered form. 


+ + Calyx-lobes entire: corolla tubular, scarcely ventricose. 
++ Inflorescence loose. 


13, L. Smirnm. Habit of the preceding: leaves of the stem 
ovate, sharply serrate, acute, somewhat larger, 2 inches long, an 
inch broad ; the rameal ovate, subcordate, sessile, not elliptical 
and shortly petiolate as in the preceding: inflorescences consid- 
erably branched : calyx-tube short-cylindrical, 3 lines long; lobes 
lanceolate, acute, entire, about equal in length; nerves from the 
sinuses distinct, single or double: corolla 2 to 2} inches long.— 
Mountains of Jayacatlan, Oaxaca, altitude 5,000 feet, 13 August, 
1894, LZ. C. Smith, 155. 


++ ++ Inflorescence dense. 


14, L. viscosa HBK. More or less glandular-tomentose: stem 
rather rigid, terete: leaves ovate-oblong, thickish, sharply-serrate. 
—HBK. 1. ¢., 338. LZ. cordata, Cham. and Schlecht. Linnea, 
v, 103. LZ. coccinea, Gray, Proc. Am. Acad., xxi, 404 (only a less 
pubescent form).—One of the commonest species throughout the 


whole length of Mexico; Sonora, Lloyd, 437; Chihuahua, Pal- 
mer, 258; Pringle, 656; Jalisco, Palmer, 578; Pringle, 2133, 
2339; Zacatecas, Hartweg, 189; Huasteca, Hrvenberg, 112; Zim- 
apan, Coulter, 1358; Orizaba, Bourgeau, 2424; Bilimek, 285; 
Botteri, 86, 149; Seaton, 135; Oaxaca, Pringle, 4879; Nelson, 
1199, 1245; Chiapas, Ghiesbrecht, 96, 703; Guatemala, J. Don- 
nell-Smith, 4016; Mexico without locality, Sumicrast. So far as 
the characterization shows, L. Viejensis Oerst., Vidensk. Meddel. 
Kjében., 1853, 28, from Nicaragua is also the same. 


* « Leaves lanceolate, narrowly oblong, elliptical or linear, narrowed at the 
base, and often petioled. 


+ Posterior filaments bearing reduced villous anthers. 


++ Corolla short for the genus, 8 or 9 lines long: leaves incisely serrate: species 
of Ecuador. 


15. L. sunrnetsa Benth, “ Habit of Z. brevifolia: leaves lan- 
ceolate, an inch or less in length.”—Benth. 1. c., x, 540.—Andes 
of Quito, Jameson. 


++ ++ Corolla longer, an inch or more in length. 
= Calyx-lobes serrulate. 


16.? L. sytvatica HBK. ‘“ Somewhat twining : leaves lance- 
olate, acute, narrowed at base: corolla roseate.”—HBK. lL. c., ii, 
337.—Near Ayavaca, Peru, Humboldt and Bonpland. A very 


Robinson and Greenman—Genus Lamourouxi. 173 


dubious species, founded upon imperfect material, but, if correctly 
described, belonging here. 


= = Calyx costate; segments entire. 


a. Mexican species, 


17. L. rENuIFOLIA ‘Mart. and Gal. Stem copiously branched 
above; branches simple, slender, ascending, very leafy: leaves 
narrow, lance-linear, 6 to 10 lines long, crenate-serrulate ; mar- 
gins recurved : inflorescence dense.—Walpers, Rep. vi, 652. J. 
linearis, Benth. 1. ¢., x, 541.—Valley of Mexico, Bourgeaw, 1113; 
Schaffner, 368; Chiquihuite, Bilimek, 284; Tula, Berlandier, 
1261; San Luis Potosi, Parry and Palmer, 673. Originally col- 
lected in E. Oaxaca by Galeotti. 


b. South American species. 


18. L. vircata HBK. Leaves linear-lanceolate, sharply but 
finely serrate: calyx-lobes lanceolate, acute, longer than the tube. 
—HBK. 1. ¢c. ii, 336, t. 167.—Near Quito, Humboldt and Bon- 
pland, Hall, Jameson, Hartweg, Couthouy. 

19. L. Loxensis Benth. Leaves linear-lanceolate: segments 
of the calyx scarcely longer than the tube.—PI. Hartw. 147, and 
in DC. Prodr. x, 541.—Mountains of Loxa, United States of 
Columbia, Hartweg, 824. A doubtful species, intermediate be- 
tween the preceding and following. 

20. L. seRRATIFOLIA HBK. Leaves linear-lanceolate, conspic- 
uously and incisely serrate with short divergent teeth.—HBK. 
l. c. li, 336, t. 168.—Near Bogota, Humboldt and Bonpland, 


Goudat. 


+ + Posterior filaments glabrous at the summit and anantherous or nearly so. 
++ Leaves quite entire. 


21. L. Donnell-Smith. Nigrescent in drying: 
leaves narrowly lanceolate, attenuate at both ends, ? to 14 inches 
long, 14 to 24 lines wide, conspicuously 1-nerved; veins very 
obscure: calyx indistinctly 8-costate.—Bot. Gaz. xiii, 189.—Pan- 
samala, Alta Verapaz, Guatemala, altitude 4,000 feet, von Tuerck- 


heim (Donnell-Smith’s Pl. Guat.), 1112. 


++ ++ Leaves serrate, serrulate, or crenate. 
== Leaves an inch or more in length. 


22, L. pancEoxtaTa Benth. Whole plant nigrescent in drying: 
branches divaricate: leaves narrowly lanceolate, finely, sharply 
and irregularly serrate, 1 to 14 inches long, 14 to 2} lines wide: 
calyx conspicuously 12-costate; segments linear-lanceolate, acute, 
spreading or even reflexed.—Benth. in DC. Prodr. x, 542.— 
South Mexico, Chiapas, Ghiesbrecht, 144, 705; Guatemala, Don- 
nell-Smith’s, 398, 3100. 
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23. L. Netsoni. Pubescent, drying green: leaves thin, oblong, 
acute, irregularly dentate, the larger 2 to 3 inches in length, 4 or 
5 lines broad: calyx pubescent, not distinctly ribbed, 6 lines long: 
segments lanceolate, acute, erect : corolla over 2 inches long, red, 
paler and yellowish toward the base.—Six miles above Domin- 
guillo, Oaxaca, altitude 4,500 to 5,000 feet, 30 October, 1894, 
Nelson, 1833. 


== =< Leaves half inch or less in length. 


24. L. micropHyLia Mart. and Gal. Leaves oblong, crenate- 
serrulate, 3-4 (—6) lines long, a line broad; those of the branches 
reflexed : calyx glabrous; teeth very short.—Bull. Acad. Brux. 
xii, 2,31. JZ. parvifolia, Benth. |. c. x, 542.--Oaxaca, Galeotti, 
1005; and on granitic hills at base of Sierra de Clavellinas, alti- 
tude 6,000 feet, Pringle, 6000. 

25. L. Gurrmerrezu Oerst. Shrub, 3 to 4 feet high, somewhat 
scandent: leaves lanceolate-elliptical, 6 to 10 lines long, 2 lines 
broad, somewhat scabrous : calyx somewhat villous, teeth much 
shorter than the tube, and (from figure of Seemann) entire.— Vidensk. 
Meddel. 1853, 29. Z. scabra Benth. in Seem. Bot. Herald, 177, t. 
33.—Mountains between Cartago and Candelaria, Costa Rica, 
Oersted ; Voleano of Chiriqui, Veraguas, Seemann. 

This species in the Index Kewensis is incorrectly said to be 
Venezuelan. Bourgeau’s 101, referred hither by Hemsley, is 
L. rhinanthifolia. 

26. L. Gracitis. Scarcely shrubby, 1 to 14 feet high: stems 
slender, terete, puberulent in lines: leaves elliptic-oblong, obtuse, 
narrowed at the base to short slender petioles, crenate-dentate, 
thin, not at all rugose, nearly or quite smooth, the larger ones 9 
lines long, 3 lines broad : racemes simple, rather loose, leafy to 
the apex: segments of the calyx ovate-oblong, obtuse, nearly 
always crenate-dentate: corolla 14 to 1} inches long, red with 
yellowish throat, moderately ventricose.—Summit of Sierra Madre 
near Chilpancingo, Guerrero, altitude 9,000 to 12,000 feet, 24 
December, 1894, Nelson, 2234. 


The following distributed as species of Lamourouxia belong 
elsewhere : 


Mandon’s 479 = Gerardia sp. 
Bang’s 543 = Gesnera sp. 
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IV. Miscellaneous New Species. 


Unona Panamensis Robinson. A small tree, 15 to 20 feet high: 
branches brown with lighter colored lenticels ; the young parts 
finely rufous-tomentose with simple hairs: petioles a line or two 
in length: leaves oblong or elliptic, shortly acuminate, somewhat 
narrowed at the base, entire, 4 to 8 inches long, about a third as 
broad, glabrous above, covered beneath especially upon the veins 
with an appressed rufous silky pubescence: peduncles opposite the 
leaves, rather short, 4 to 6 lines in length, bearing at the summit a 
suborbicular cordate bract half inch in diameter (rarely larger 
and more like the leaves, rarely absent) and 1 or 2 elongated 
curved pedicels, slightly thickened near their summits and 3 to 34 
inches long: calyx-segments ovate-triangular, a line in length: 
petals 6, equal, lance-linear, nearly erect, finely pubescent upon 
the outer surface, minutely granulated within, 6 to 8 lines long ; 
the edges revolute ; the tips incurved: maturing carpels 5 to 12, 
oblong, a little over half an inch in length, 5 lines in diameter, 
very slightly torulous, rounded at each end; stipe slender, 3 to 4 
lines long: seeds about 6, disk-shaped.—Collected by Sutton 
Hayes in woods near Gatun Station on the Panama Railway, 30 
July, 1860. 

Unona Robinson. Branchlets light brown, 
nearly or quite glabrous: leaves lance-oblong, narrowed to an 
obtuse apex, contracted below to a very short thickish petiole, 
green and glabrous upon both surfaces, 2} to 3 inches long, an 
inch in breadth, firm but not coriaceous in texture: peduncles 
opposite the leaves, bearing two very unequal suborbicular cor- 
date bracts; the lower one a third to half inch, the upper only a 
line in diameter; pedicel recurved, slender, about an inch in 
length : segments of the calyx ovate, 2 lines in length: petals 
linear-oblong, obtusish, 8 lines in length: maturing carpels about 
15, glabrous, two-seeded, 4 lines long, 3 lines in diameter, sub- 
truncate at apex and base, somewhat constricted in the middle; 
stipes slender, 3 lines in length; seeds disk-shaped, 14 lines thick. 
—Collected by Charles Wright in Nicaragua upon the U. 5S. 
North Pacific Exploring Expedition in 1855. 

The only other Unona reported from Central America, the 
rather doubtful and imperfectly described U. violacea Dunal, 
has according to the original figure in Dunal’s monograph a con- 
siderably larger flower with broader petals and no bracts. All 
efforts to identify the two species here described with those of the 
Old World have failed and their occurrence does not suggest an 
introduced character. 

Matvaviscus Prineter E. G. Baker. Caule ligneo, foliis 
membranaceis viridibus cordatis acute palmate-5-lobatis, lobo 
medio majore, precipue junioribus utrinque stellato-pubescentibus 
serratis petiolatis, floribus maximis axillaribus solitariis vel ad 
extremitatem ramulorum subracemosis, bracteolis ligulatis calyce 
brevioribus, sepalis triangularibus vel ovatis acutis intus margine 
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cinereo-pubescente, columna staminea exserta petalorum longi- 
tudinem dimidio excedente, carpellis nigrescentibus vel subni- 
grescentibus superne in medio sulcatis inferne carinatis.—Col- 
lected by C. G. Pringle, on rocky hills bordering Lake Cuitzeo, 
Michoacan, 20 July and 26 October, 1892 (No. 4132). Stem 10 
to 20 feet high, woody, younger branches at the extremities 
covered with a scurfy cinereous pubescence. Leaves membranous, 
green, cordate; palmately 5-lobed, middle lobe longest, serrate, 
pubescent on both surfaces especially the young leaves, length of 
leaves on specimen 3-34 inches, breadth 3-4 inches, petioles 
14-3 inches long covered with cinereous pubescence. Flowers 
axillary, solitary or at the end of the branches somewhat race- 
mose. Bracts strapshaped, half inch long, shorter than the 
sepals. Calyx three-fourths inch long, sepals triangular or ovate, 
acute, inside the margin cinereous-pubescent. Petals convolute, 
22 inches long. Stamineal tube exserted 14 inches. Styles 10, 
capitately stigmatose. Fruiting peduncles straight, stiff, terete, 
generally slightly bent just below the fruit. Carpels 5, black or 
brownish, black on the back, grooved above, the groove gradually 
passing into a ridge below, third inch long. 

This plant was distributed as Malvaviscus acerifolius Pres, 
of which there is a specimen gathered by Henke in Mexico in 
the Herb. Mus. Brit. I. Pringlei differs from MM. acerifolius 
Pres], in its leaves, bracts and flowers. The leaves are much 
deeper lobed in the former than in the latter and in M. Pringlei 
the bracts are shorter than the calyx and the petals nearly 3 
inches long; in Mf. acerifolius the bracts are the same length as 
the calyx and the petals an inch long. MM. Pringlei differs from 
M. cinereus Bak. fil. MS. in the texture of its leaves and its much 
larger flowers. I have named this very showy plant in honor of 
Mr. C, G. Pringle, who has done so much to further our knowl- 
edge of the Mexican flora. 

Laruamia Toumeyi Robinson and Greenman. Many-branched 
from a knotted woody base, densely glandular-puberulent ; 
branches about 4 inches long, erect, terete, striated, simple or 
again branched, rather cinereous: leaves spatulate, including the 
petioles 3 to 5 lines long, a line to a line and a half broad; entire, 
obtuse, thickish, cinereous ; the petiole channelled above; heads 
discoid, 24} to 3 lines high, equally broad, about 35-flowered, 
terminal upon the branchlets, together forming a pyramidal or 
subcorymbous inflorescence; involucral scales sub-biseriate, nearly 
equal, acute, the outer thickish, carinate, densely puberulent, the 
inner thinner and flatter: pappus of a single awn: tube of the 
corolla glandular-pubescent: achenes compressed, oblong-linear, 
about a line long, puberulent.—Collected by Prof. J. W. Toumey, 
in the Grand Cajion, 12 July, 1892 (No. 645). 
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In the present half century of English science, four names 
stand forth preéminent ; Darwin, Huxley, Spencer, and Tyndall, 
and of these masters Spencer alone survives. It has been my 
good fortune to know each of these men, under circumstances 
that brought out their prominent characteristics, intellectual 
and social, and my intercourse with each and all of them I 
recall as among the brightest spots in my life. Darwin I saw 
only at his own country home, but the others I met more fre- 
quently in London, and held still closer relations with them 
during their visits to this a With Darwin and Huxley, 
as the leaders in modern natural science, my associations were 
more intimate than with the others, while Huxley was to me 
a guide, philosopher, and friend, almost from the time I made 
choice of science as my life work. For this reason, I cannot 
now bring myself to attempt an estimate of the loss to science 
and to the world occasioned by his death. I can only at 
present place on record a few facts of his life, and add some- 
thing about the man himself as he appeared to me. 


Thomas Henry Huxley was born at Ealing, Middlesex, 
England, May 4, 1825. His early education was obtained 
mainly at home, and in the Ealing school of which his father . 
was one of the masters. He began his scientific studies in 
1842, at the medical school of Charing Cross Hospital, and 
passed the M.B. examination at the University of London in 
1845. In the following year, he entered the medical service of 
the Royal Navy at the Haslar Hospital, and from there was 
appointed to the post of assistant surgeon to H. M. S. Pattle- 
snake, then preparing for a surveying voyage to the South 
Seas. The ship left England in 1846 and returned in 1850, 
having surveyed the inner route between the barrier reef and 
the east coast of Australia and New Guinea, and also complet- 
ing a voyage around the world. Huxley’s scientific work dur- 
ing this voyage is well known, and in recognition of it he was 
elected, in 1851, a fellow of the, Royal Society. He left the 
naval service in 1853, having faifed to obtain from the govern- 
ment the publication of his researches during his voyage. This 
was afterwards done by the Royal Society. 

In 1854, Huxley was appointed naturalist to the Geological 
Survey, and in the same year was made professor of natural 
history in the Government School of Mines, a position which 
he filled with marked success until his retirement in 1885. He 
was appointed in 1854 Fullerian professor of physiology in 
the Royal Institution, and also became examiner in physiology 
and comparative anatomy to the University of London. 


Am. Jour. So1.—Tsirp Series, Vout. L, No 296.—Aveust, 1895. 
12 


177 


178 Thomas Henry Huzley. 


From 1863 to 1869, he was Hunterian professor at the Royal 
College of Surgeons, and was president of the Geological Society 
of London in 1869 and 1870. For three years, beginning with 
1872, he was Lord Rector of Aberdeen University, and in 1875 
and 1876 was acting professor of natural history in the Uni- 
versity of Edinburgh. In 1870, he was president of the 
British Association for the Advancement of Science. From 
1870 to 1872, he was a member of the London School Board, 
where, as chairman of the educational committee, he rendered 
important services. He was elected president of the Royal 
Society in 1883, having previously served as its secretary. 
From 1881 to 1885, he was Inspector of Salmon Fisheries. 
He resigned this and other offices in 1885, owing to impaired 
health, and shortly after removed from London to Eastbourne, 
on the Sussex coast, where he passed the remainder of his life. 

The ten years after his return to England in 1850 were 
devoted to brilliant investigations in several departments of 
natural science and to many popular lectures, which won for him 
high rank in the scientific world. With this came various 
official positions, the arduous duties of which he faithfully per- 
formed. His publications during this period were numerous 
and important, but need not be enumerated here. 

With the appearance of Darwin’s great work on the Origin 
of Species, a new field was opened to Huxley, which he 
‘entered with masterly zeal. He accepted at once the theory 
of Natural Selection, and applied it to the evolution of the 
human race, giving his first results in his lectures to working 
men, in 1860, at the Museum of Practical Geology. These 
lectures, which led to bitter controversy, were published in 
1863, under the title, Evidence as to Man’s Place in Nature. 
For several years, the battle over Darwin’s views raged fiercely, 
and Huxley was the leader who repelled the assaults of both 
theologians and scientific conservatives. After this victory 
was won, he still continued the struggle by carrying the war 
into new fields, involving all the relations between science and 
religion, and this contest he carried on vigorously until failing 
health caused him to give up all intellectual work. 


Haeckel, the leading biologist on the Continent, ably 
reviewed, in 1874, Huxley’s scientific work up to that time, 
and the following brief extracts will serve to indicate his 
appreciation of it: 

“ When we consider the long series of distinguished memoirs 
with which, during the last quarter of a century, Prof. Huxley 
has enriched zodlogical literature, we find that in each of the 
larger divisions of the animal kingdom we are indebted to him 
for important discoveries. 
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“From the lowest animals, he has gradually extended his 
investigations up to the highest, and even to man. His earlier 
labours were, for the most part, occupied with the lower 
marine animals, especially with the pelagic organisms swim- 
ming at the surface of the open sea.” 

“More important than any of the individual discoveries 
which are contained in Huxley’s numerous less and greater 
researches on the most widely different animals are the pro- 
found and truly philosophical conceptions which have guided 
him in his inquiries, having always enabled him to distinguish 
the essential from the unessential, and to value special empiri- 
eal facts chiefly as a means of arriving at general ideas.” 

“ After Charles Darwin had, in 1859, reconstructed this 
most important biological theory, and by his epoch-making 
theory of Natural Selection placed it on an entirely new foun- 
dation, Huxley was the first who extended it to man, and in 
1863, in his celebrated three Lectures on “ Man’s Place in 
Nature,” admirably worked out its most important develop- 
ments. With luminous clearness, and convincing certainty, he 
has here established the fundamental law, that, in every 
respect, the anatomical differences between man and the high- 
est apes are of less value than those between the highest and 
lowest apes. * * * * * Not only has the Evolution 
Theory received from Prof. Huxley a complete demonstration 
of its immense importance, not only has it been largely 
advanced by his valuable comparative researches, but its spread 
among the general public has been largely due to his well- 
known popular writings. Jn these he has accomplished the 
difficult task of rendering most fully and clearly intelligible, to 
an educated publie of various ranks, the highest problems of 
philosophical Biology. From the lowest to the highest organ- 
ism, * * * he has elucidated the connecting law of evelopment. 

“In these several ways he has, in the struggle for truth, 
rendered Science a service which must ever rank as one of the 
highest of his many and great scientitic merits.” 

The above refers only to Huxley’s biological work up to 
1874. During the next twenty years, his scientific labors were 
equally fruitful, but embraced a much wider field. The results 
will be estimated in so many special reviews by those familiar 
with each department of science he treated, that they need not 
be especially mentioned here. 


Huxley has himself placed on record, in the following words, 
the main objects he kept in view during his whole scientific 
career : 

“To promote the increase of natural knowledge and to 
forward the application of scientific methods of investigation 
to all the problems of life to the best of my ability, in the 
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conviction which has grown with my growth and strengthened 
with my strength, that there is no alleviation for the sufferings 
of mankind except veracity of thought and of action, and the 
resolute facing of the world as it is when the garment of make- 
believe by which pious hands have hidden its ugliest features 
is stripped off. 

“Tt is with this intent that I have subordinated any reasona- 
ble, or unreasonable, ambition for scientific fame which I may 
have permitted myself to entertain to other ends ; to the popn- 
larisation of science; to the development and organisation of 
scientific education; to the endless series of battles and skir- 
mishes over evolution; and to untiring opposition to that 
ecclesiastical spirit, that clericalism, which in England, as 
everywhere else, and to whatever denomination it may belong, 
is the deadly enemy of science. 

“Tn striving for the attainment of these objects, I have been 
but one among many, and [I shall be well content to be remem- 
bered, or even not remembered, as such.” 


Huxley was a man of strong moral nature, with a tender 
conscience, but he could not accept authority when his reason 
did not approve. The following quotation will make clear his 
views on religious subjects, which have been much misunder- 
stood : 

“When I reached intellectual maturity and began to ask 
myself whether I was an atheist, a theist, or a pantheist; a 
materialist or an idealist; a Christian or a freethinker; I found 
that the more I learned and reflected, the less ready was the 
answer; until, at last, I came to the conclusion that I had 
neither art nor part with any of these denominations, except 
the last. The one thing in which most of these good people 
were agreed was the one thing in which I differed from them. 
They were quite sure they had attained a certain “gnosis,”’— 
had, more or less successfully, solved the problem of existence ; 
while I was quite sure I had not, and had a pretty strong con- 
viction that the problem was insoluble * * * * * So 
I took thought, and invented what I conceived to be the ap- 
propriate title of “agnostic.” It came into my head as sug- 
gestively antithetic to the “gnostic” of Church History, who 
professed to know so much about the very things of which I 
was ignorant.” 


One thing that will always be of special interest to Ameri- 
cans is Huxley’s visit to this country, in 1876. One object of 
this visit was to deliver a series of lectures in New York, but 
he came mainly to see America and its people, and what they 
were doing for science. The Exposition that year in Philadel- 
phia was also an inducement, and last, but not least, he wished 
to see a sister, who for many years had resided in the South. 
During his visit, which extended over seven weeks, he attended 
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the American Association for the Advancement of Science at 
Buffalo, gave the opening address at the Johns Hopkins Uni- 
versity at Baltimore, another discourse in Nashville, where his 
sister resided, and after visiting the principal scientific centers 
of the country, he delivered three lectures in New York on the 
eve of his departure. These lectures, with his other discourses 
in this country, were subsequently published under the title, 
American Addresses. 

On his arrival in New York, in August, I met him there by 
appointment, and a day or two later, he came to New Haven 
to make me a long promised visit, and see my fossil treasures 
from the West. These he wished to examine before deliver- 
ing his course of lectures, and he devoted a week of hard labor 
to this object, during which time I gained new insight into his 
methods of work and the noble nature of the man himself. 
One instance, which illustrates both these points, I am glad to 
place on record here. 

One of Huxley’s lectures in New York was to be on the 
genealogy of the horse, a subject which he had already written 
about, based entirely upon European specimens. My own 
explorations had led me to conclusions quite different from his, 
and my specimens seemed to me to prove conclusively that the 
horse originated in the New World and not in the Old, and 
that its genealogy must be worked out here. With some 
hesitation, I laid the whole matter frankly before Huxley, 
and he spent nearly two days going over my specimens with 
me, and testing each point I made. He then informed me 
that all this was new to him, and that my facts demonstrated 
the evolution of the horse beyond question, and for the first 
time indicated the direct line of descent of an existing animal. 
With the generosity of true greatness, he gave up his own 
opinions in the face of new truth, and took my conclusions as 
the basis of his famous New York lecture on the horse. He 
urged me to prepare without delay a volume on the genealogy 
of the horse, based upon the specimens I had shown him. This 
I promised, but other work and new duties have thus far 
prevented. 

During Huxley’s sojourn in America, I was fortunate enough 
to be with him on many occasions when he met all classes of 
the American people, many of whom had read his works and 
held him in high esteem. The impression he made upon rich 
and poor alike was a most agreeable one, and he returned home 
with a deep interest in America and its people and great hopes 
for its future. What seemed to impress him most of all, as an 
ethnologist, was the identity of the American race, especially 
in New England, with that of his own country, and he could 
detect no signs of that physical deterioration which our climate 
was supposed to have caused. 
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The lifelong friendship that existed between Huxley and his 
colleagues, Darwin, Spencer, and Tyndall, men of widely 
different views on many subjects, is a noteworthy fact. The 
intimacy between Huxley and Tyndall has been recorded on 
many pages, and I recall many illustrations of that of Huxley 
and Spencer, the last at one of the long-to-be-remembered 
dinners of the X Club, of which Huxley was then president. 

As an illustration of the warm friendship existing between 
Huxley and Darwin, I may perhaps be permitted here to refer 
to an incident that oceurred during one of my visits to Eng- 
land. I was passing a memorable day with Darwin, during 
which he spoke freely of many scientific men. Referring to 
Huxley, he said with more than usual earnestness, “ Huxley is 
the king of men!” <A few days later I mentioned this to 
Huxley, and he was deeply moved by it. His reply I shall 
never “forget : “ Now you can understand why we who know 
Darwin all have such an affection for him, and when his 
enemies reviled the noble man, why my right arm was so 
heavy in his defense.” 

How kind Huxley was to every one who could claim his 
friendship, I have good cause to know. Of the many instances 
which occur to me, one will suffice. One evening in London, 
at a grand annual reception of the Royal Academy, where 
celebrities of every rank were present, Huxley said to me, 
“ When I was in America, you showed me every extinct animal 
that I had ever read about, or even dreamt of. Now, if there 
is a single living lion in all Great Britain that you wish to see, 
I will show him to you in five minutes.” He kept his promise, 
and before the reception was over, I had met many of the 
most noted men in England, and from that evening, I can 
date a large number of acquaintances, who have made my sub- 
sequent visits to that country an ever increasing pleasure. 

Another characteristic remark of Huxley’s, ‘at a later date, 
comes back to me as I write. Speaking of the many interrup- 
tions and distractions of his life in London, which claimed the 
greater part of his time, he said to me feelingly, ad could 
only break my leg, what a lot of scientifie work I could do!” 


My latest message from Huxley came last Christmas, and 
with it the complete new edition of his revised works, which 
I shall always treasure as his parting gift, the last of many 
tokens of his friendship. 

Honors fell thick and fast upon Huxley, especially during 
his active life. They were all deserved, and he estimated 
them at their true value. A mere list of his titles would 
extend the present notice much beyond the limits assigned to it. 
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Huxley’s life work extended over so wide a range, and was 
of such high character, that no one man now living is quali- 
tied to place a true estimate upon it. The more important of 
his published works are as follows: Oceanic Hydrozoa, 1859 ; 
On the theory of the vertebrate skull, 1859; Evidence as to 
man’s place in nature, 1863; Elementary physiology, 1866 ; 
On the physical basis of life, 1868; Introduction to the classi- 
fication of animals, 1869; Lay sermons, 1870; Manual of the 
anatomy of vertebrated animals, 1871; Critiques and addresses, 
1873 ; American addresses, 1877 ; Physiography, 1877; Manual 
of the anatomy of invertebrated animals, 1877; The crayfish, 
1879; Hume, 1879; Science and culture, 1852; Essays on 
some controverted questions, 1892; Evolution and ethies, 1893. 
A new edition of his more popular works, in nine volumes, 
with his latest notes and additions, was published in 1894. 


The limited space and time at my command have left little 
opportunity to say what I wish about Huxley himself. As I 
recall the hours spent with him, first of all the memory of his 
charming personality presents itself, and in this respect, no 
man I have ever met surpassed him. To go further and name 
his chief characteristics, | should place his ability, his honesty, 
and his courage, next in order. His marvellous ability no one 
will question. One qualified to judge has said, that, in his in- 
tellectual grasp, Huxley was the greatest man of the century. 
His honesty, in the broadest sense of the word, was the domi- 
nant feature of the man. His love of truth for its own sake, 
wherever it might lead him, was one of the strongest elements 
in his character, and this resulted not only in his well-known 
intellectual honesty, but also in his hatred of the opposite, 
wherever found. His courage, especially the courage of his 
convictions, is known to all, and has borne good fruits. Every 
man of science to-day is indebted to Huxley for no small part 
of the intellectual freedom he enjoys. 


Huxley was especially fortunate in his home life, and a hap- 
pier family circle I have never known. Mrs. Huxley, whom 
he won in his student days, was a most charming companion 
and helpmate in all his work, while his two sons and four 
daughters are all worthy of such a parentage. 


Huxley passed quietly away on the afternoon of June 29, at 
his home in Eastbourne, after an illness of several months, 
which came at the end of years of feeble health. He was 
buried July 4, in St. Marylebone Cemetery, East Finchley, 
where he wished to lie. His friends proposed an interment in 
Westminster Abbey, where Darwin was entombed, but his own 
wishes were respected. His works are his best monument. 

O. C. Marsa. 


Yale University, July 20th, 1895. 
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DaniEL Capy Eaton, Professor of Botany in Yale Uni- 
versity, died at his home in New Haven on June 29th. 

He was of old New England stock, and the name has been 

associated with the progress of botany in this country for more 
than eighty years. His grandfather was that pioneer of 
American science, Prof. Amos Eaton, who perhaps more than 
any other one man stimulated the study of natural history in 
this country during the second and third decades of this cen- 
tury. 
—— of his children were educated in scientific pursuits. 
One son, Amos B. Eaton, although sharing the scientitic tastes 
of the other children, was trained for the army and graduated at 
West Point in 1826. He was in the Seminole, Mexican and 
the Civil War, and rose to the rank of Brigadier General. 

General Eaton married Elizabeth Selden, who also was of 
New England stock, and Daniel Cady Eaton, the subject of 
this sketch, was born at Fort Gratiot, in Michigan, September 
12th, 1834. In the changes incident to the military duties of 
the father, the family, during the youth of the son, had no 
very permanent place of abode. The mother was a sister of 
the eminent jurists, Samuel L. Selden and Henry R. Selden of 
Rochester, N. Y., and she lived in that city during a part of 
his boyhood, and until the close of the Mexican war. Later, 
he was for a while a student in the Rensselaer Institute at 
Troy, and still later, in Gen. Russell’s Military School at New 
Haven. 

He entered Yale College in 1853, and was graduated in 1857, 
having among his classmates an unusual number of persons 
who have since become eminent as professors in colleges. He 
was already a zealous student in botany, and published his first 
paper “On Three New Ferns from California and Oregon” in 
this Journal in 1856, while a junior in college. 

After graduation he studied botany with Prof. Gray at 
Harvard for three years, and received in 1860 the degree of 
B.S. in that institution and that of M.A. in course at Yale. 

He was a diligent student and published during this period 
— on some New Filices from Japan; An Enumeration of 

erns collected by Mr. Charles Wright in Cuba ; Equisetacee, 
Filices, etc., of the United States and Mexican Boundary Sur- 
vey; contributed the description to the Filices in Chapman’s 
Flora of the Southern States; and as a graduation thesis, 
Filices Wrightianez et Fendleriane, including some ferns from 
Panama, collected by Messrs. Schott and Hayes. 
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During the Civil War his father becoming Quartermaster- 
General, he went into the commissary department in New 
York as inspector of stores. In this capacity he became very 
expert, and ever after retained a special interest in certain 
vegetable products which had been under his study and inspec- 
tion. These duties, while interrupting botanical work, did not 
prevent it absolutely. He botanised about New York, he 
became acquainted with the local botanists there, he delivered 
some lectures on botany and studied some small collections of 
ferns sent from various places, but he published nothing more 
until the close of the war. 

In July, 1864, he was elected Professor of Botany at Yale 
at the same time with the writer of this sketch. As with 
his colleague, the late Wm. D. Whitney, the professorship 
was on a university foundation, not specially attached to 
any one department of the institution but practically his labors 
were chiefly in the Sheffield Scientific School, where he was a 
member of the Governing Board, and in which he was an 
active and successful rose Bo for thirty-one years. Regular 
classes in botany in the Academic department only began 
many years later, but from the first he gave instruction to such 
advanced students as wished it, and a considerable number 
have enjoyed this privilege. 

As a teacher he was intensely conscientious, sympathetic, 
courteous, kind, and helpful in the extreme to those who wished 
to learn. Compelling students to learn was very distasteful to 
him, although he was patient to a fault with those who were 
indolent or indifferent. 

During his professorship he published fifty botanical papers, 
works or contributions which are enumerated in the “ Yale 
Bibliographies,” and this list need not be repeated here. They 
related mostly to Ferns and Acrogens. The number but illy 
describes the work. Some of the contributions consisted of 
several parts of some larger work, and some were complete 
works of themselves. He prepared the Composite for the 
Report on the Botany of the Geological Exploration of the 
40th Parallel, as well as the Acrogens, and both are enumer- 
ated as but one title in the published list cited. 

His largest single contribution to botany was his “ Ferns of 
North America,” a sumptuous quarto in two volumes, pub- 
lished in 1879~’80, and dedicated to his old instructor, Prof. 
Gray, for whom he always had a strong affection. The work 
is beautifully illustrated with colored figures, from drawings 
by Emerton and Faxon. It gives technical descriptions and 
full synonomy, as well as a popular discussion of each species 
in hic own charming style. This work is classic in the botani- 
cal literature of this country. 
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Most of his publications relate to Ferns, but he made a 
study of the Alga and Mosses. While he printed but little 

ertaining to the Algsz, he, associated with Professor W. G. 

arlow of Harvard University and Dr. C. L. Anderson of 
California, prepared and distributed numbered sets of speci- 
mens of North American sea weeds, under the title of “ Algee 
Boreali-Americane,” a timely contribution to this department 
of our botany. It was the first considerable set authoritatively 
sent out, and is the most important of its kind yet published. 
Many of the specimens found on our Atlantic coast he collected, 
and this work with that of their preparation and the incident 
correspondence necessitated an amount of labor only appre- 
ciated by those who have attempted similar work. During the 
later years of his life he devoted more time to the Mosses, and 
for some years he had been making a critical study of the 
Sphagna, especially the North American species. In codp- 
eration with Mr. E. Faxon he was preparing sets of specimens 
of North America Sphagna for distribution. It is a great loss 
to science that death cut short this work. He was at work on it 
to almost the very last, and the examination of the new speci- 
mens he collected last summer or received since, cheered him 
during his long and painful illness. He had been very desirous 
to obtain specimens from the far north for these sets, and the 
writer made special effort to collect such for him last summer, 
Their loss by shipwreck he deeply regretted, returning to the 
subject the last time I saw him, scarcely two weeks before his 
death, ‘‘ What a pity I cannot add those Greenland specimens 
to the sets.” 

His preparation of the descriptions of the Ferns in Chapman’s 
Flora of the Southern States, in Gray’s Manual of the Botany 
of the Northern States, and in Gray’s Field and Forest Botany 
and in Brewer and Watson’s Botany of California are too well 
known to need more than reference here. 

He was careful, accurate, and intensely conscientious in all 
his botanical work. Neither time nor patient work was 
spared, if by them the conclusions arrived at might be made 
more certain and sound. He saw the number of described 
species of American Ferns greatly enlarged during his career, 
of which he described about a dozen new species. His pub- 
lished work relates almost entirely to systematic botany. The 
anatomy and physiology of plants he considered a separate 
specialty, and he pursued it only so far as was necessary for an 
understanding of the completed organism. 

He was a person of keen literary and artistic tastes, and 
these profoundly influenced his scientific work. His large 
private herbarium was arranged and kept with scrupulous 
care. Each sheet of specimens was as carefully prepared 
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and as fondly cherished as if it were a precious work of art. 
His library was rich in rarities, and undoubtedly the fullest in 
the country in the literature of ferns. He was emphatically a 
student of plants and his zeal and pleasure in their study was 
enhanced by his strong love of nature. He loved a plant 
because it was a plant, and he saw beauty as well as interest in 
its every feature and organ. The writer long ago came to the 
opinion that Professor Eaton had chosen his specialty largely 
because of the intrinsic beauty of the plants of those orders. 
The delight with which he would call attention to the special 
beauty of the foliage of some moss under the microscope, or 
the delicate tracery of some fern indicated the pleasure their 
contemplation and study afforded him. They had to him not 
merely a scientific interest, studied for description and classifi- 
cation, but he contemplated them also with much the pleasure- 
able emotion that an artist contemplates a great painting or 
statue, as an object of beauty. Some species he seemed to 
regard much as other persons regard pets, whose very presence 
was a pleasure to him. Representations of the walking fern 
and the climbing fern embellished his study, and one of the 
first botanical walks the writer had with him was to a locality 
near New Haven where the walking fern grew. 

In technical descriptions his style was clear, and in popular 
writing it was smooth and genial. It was his aim te so write 
that there might be no misunderstanding as to what he meant. 
His carefulness in this matter may be illustrated by a remark 
he once made to the writer: “I never send a telegram that I 
cannot parse.” But careful as he was as to style, language 
was to him but an instrument, and he was strongly on the con- 
servative side in the revolution that is being attempted in 
botanical nomenclature. Botany was to him a study of plants, 
not a quibble over names. When a plant had long been 
known by some botanical name under which it had been 
most studied and by which it was generally known in speech 
and in literature, he decidedly objected to changing that name 
merely to satisfy some newly made and arbitrary rule. 
Language in its growth and use had heretofore refused to be 
so fettered, and he believed that the slight gain which might 
arise by strictly following the newly proposed rules would not 
compensate for the loss that he thought would come by the 
additional confusion introduced into botanical literature, and 
the unsettling of what was sufficiently established for practical 
use. If there was a more cordial agreement between the 
American and European botanists he would accept it although 
regretfully, but as the matter actually stood, he resisted the 
change. 

Other than as incident to his scientific work, Professor 
Eaton published but little of what is usually termed “ popular” 
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botany. He, however, between 1868 and 1890, delivered 
twenty of the public “ Lectures to Mechanics” given in annual 
courses at the Sheffield Scientific School. They were all upon 
subjects related to botany, such as Trees of New England; 
Our Common Weeds; Seaweeds; Mosses; Hybridism in 
Plants; Oaks; Water Lillies, ete. These lectures were writ- 
ten in his genial style, and were very popular. 

The most of his botanical work was done in his study or in 
the fields and woods about New Haven. In connection with 
the work of The Geological Survey of the 40th Parallel, he 
spent a part of the summer of 1869 in Utah, and was intensely 
interested in the study and aspects of the vegetation of that 
- of the Great Basin. He spent much of the year 1866 in 

urope, and then took vccasion to consult and examine speci- 
mens in several of the herbaria there. 

Professor Eaton was fond of literature, and retained a love 
for the ancient classics. He became deeply interested in his- 
torical and genealogical studies, and was an officer in several 
societies devoted to these subjects, and was also the secretary 
of his college class. He carried on a wide correspondence, 
and published several papers relating to these subjects. Of 
the sixty-four titles given under his name in the “Yale 
Bibliographies,” fifty-six were botanical. Reviews of botanical 
books, published in the Nation, some of which might rank as 
scientific * papers,” are not included. 

Regarding his personal qualities I cannot do better than 
quote the language of another. “ An ardent enthusiast in his 
chosen science, ever ready to aid those seeking its lights, 
Professor Eaton owned as a natal gift a most graceful and 
winsome personality. He was singularly but unobtrusively 
helpful in every social relation, generous and tender in his 
charities, always eager with some self-sacrificing act of neigh- 
borly kindness. He took keen interest in the polities of city, 
state and nation. He loved intensely the out-door life of wood- 
land and field, and was fond of out-door sports.” 

He appeared in his usual good health until last year. While 
botanizing for mosses and particularly sphagna in the White 
Mountainsin the summer vacation, a malady before unsuspected 
began to acutely manifest itself. Although the disease was 
very painful, he did some botanical work in the autumn,but he 
attempted no college work after the Christmas recess. He 
endured his sufferings with Christian resignation, and passed 
away with the college year, two days after Commencement. 

He married, February 13th, 1866, Caroline, daughter of 
Treadwell Ketchum, of New Haven. She, a son and a daugh- 


ter survive him. ; 
Wu. H. 
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DR. BRANTS!, 


RHENISH MINERAL OFFICE, 


BONN ON THE RHINE, GERMANY. 
ESTABLISHED 1833, 


LARGE STOCK IN MINERALS, METEORITES AND FOSSILS 
Trial consignments will be sent to responsible persons with the privilege 
of examination ; specimens not retained must be returned, well packed, in 
good order, and at the expense and risk of the consignee, within two weeks 
after receipt. 
NEW CRYSTAL-MODELS IN WOOD. 

Collection of 56 models of distorted and pseudosymmetric forms of crystals, 
arranged by Professor Dr. Hirschwald. Average size, 2inches. Price, $11.25. 

This collection contains single crystal-models well appropriate for study 
and practice. Since they show equivalent faces in disproportionate distance 
from the centre or present a pseudosymmetric character in the relations of 
the combination, the system can be determined only by means of the 
goniometer. 

Such instruments will be furnished at the rate of 65c. (5 goniometers, 
$2.75); the models having a size of about 2 inches, these instruments will 
allow an exactness in measuring of 1°. 

Collection of 396 models containing all the crystal-forms and combinations 
sketched in Professor P. Groth’s Lehrbuch der physikalischen Krystallographie 
(‘*3. Aufil., Leipzig, 1895”). Average size, 2 inches, price, $143.75. Aver- 
age size, 4 inches, price, $360.00. 

CRYSTAL-MODELS IN PASTE-BOARD. 

Collection of 280 models arranged by Professor Vrba. Average size, 6 to 
10 inches, price, $132.50. Single models will be sold at moderate prices as 
per special list. Being made in strong paste-board, impregnated with glue 
and varnished, the faces colored in dark-yellow, the edges in black, the 
models have a fair lustre and are of a high durability. 


THIN SECTIONS, 
For Microscopical investigation. 

A. Rocks. Collection of 100 Rhenish eruptive rocks and of the accom- 
panying tuffs with thin sections and an exact description by Dr. W. Bruhns., 
Price, $50.00. 

B. Minerals. Collection of 120 properly mounted sections of 59 mineral 
species, in elegant etui. Price, $45.00. 

Collection of 40 properly mounted sections of the most important rock- 
forming minerals, 22 species, in elegant etui. Price, $12.50. 

C. Fossils. Large general collection of 110 thin sections containing 10 
preparations each of Diatoms and Alge, fossil wood, Foraminifera, Sponges, 
Corals, Echinoderms, Worms, Bryozoa, Brachiopoda, Mollusks, Vertebrates. 
Price, $32.50. 

Single sections will be furnished at the rate of 25c. to 40c., according to 
the difficulty of manufacture. 

All preparations will be microscopically examined before sending; the 
correctness of the designation is therefore warranted. 


Crystal-models and thin-sections will be sent only on a positive order. 


New editions of the following lists have just come out and will be sent 
on demand: No. I. Minerals and plates of minerals for exhibiting optical 
phenomena, 6th edit. No. II. Fossils and General Geology, 3d edit. (illus- 
trated). No. Va. Collection of 396 crystal-models in wood. No. X. Contact- 
metamorphosis. 


Represented in the United States by Messrs. Eimer & Amend, 
205-211 Third Avenue, New York. 


SYSTEMATIC COLLECTIONS. 
With unusual facilities for securing educational materials, it is proposed to take the lead in 
furnishing systematic collections for teaching MINERALOGY, GEOLOGY, and ZOOLOGY in 
Schools and Colleges. Individual Specimens also fur nishe d. Catalogue sent on receipt of 6 cts. 


in postage stamps. 
RELIEF MAPS AND MODELS. 


Special attention given to Relief Maps. Send for circular describing Grand Cafion, Yosem- 
ite Valley, Feowsone sanone Park, Mt. Shasta, Mt. Vesuvius, Kentucky, Massachusetts, 
New Jersey, Et Ete. Also model of the whole United States, with adjoining ocean bottoms, 
modeled on convect curvature. M any of these made especially tor Schools. New Relief Map of 
Palestine, modeled for the Palestine Exploration Fund, now ready. 


LANTERN SLIDES. 
Series of Lantern Slides for class illustration in Geology, Physical Geography, Etc. 
METEORITES. 
A good price paid for meteorites of all kinds. New and undescribed ones especially desired. 
An extra price paid for the entire “find” or “fall.” Meteorites also cut, polished and etched. 
WASHINGTON SCHOOL COLLECTIONS. 


These collec tions, Dao cided upon after numerous conferences with teachers and experts con- 
nected with the U, S$, Geological Survey and U..S. National Museum, have just been introduced 
into the schools of W ashington, and will be known as the W ashington School Collections. I[t is 
safe to say that no collections of equal excellence haye ever before been offered in this 
country at so low a price ($2 each). Send for circulars. 


EDWIN E. HOWELL, 612 17th N. D. C. 


FOURTH REVISED EDITION 


DANA'S MANUAL OF GEOLOGY 


Treating of the Principles of the Science with special reference to 
American Geological History. By James D. Dana, Yale University. 
Cloth, 1088 pages, over 1575 figures and two double-page maps. 


PRICE, $5.00, POSTPAID. 


Entirely rewritten, and reset in new type. Introduces new 
principles, new theories, and new facts relating to all depart- 
ments of the science. Much additional matter; improved 
arrangement; largely increased number of illustrations; all 
enhancing the value of the work. 


AMERICAN BOOK COMPANY, 


806 Broadway, New York City. 
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URING the past six months, many addi- 
tions of a choice character have been 
made in our Mineral and Meteor- 

ite Departments, not only from American 
localities, but European as well. 


Prof. Warp has just returned from Europe, 
bringing large shipments of representative 
minerals, comprising much unusually 
choice material, al! the notable Euro- 
pean localities being well represented. 

Among these we note the following: 

SELENITE, Sicrry, honey-yellow color, showing two crystallized 
faces, two cleavage faces, perfectly transparent— 
4ft. 8in.x2tin. x 2gin. - - - - - - $30.00 
4 ft. 6 in. “tity x Lin. - - - - - - $12.00 
Shorter and thinner sections from - - . - $2.00 to $4.00 
CALCITE, Jortry, Mo. A magnificent group, 1 ft. 2in.x 1 ft.x 1 ft. 
composed of 8 large crystals, most of which are doubly terminated, 
one being a twin, and numerous small ones, giving a view of un- 
broken crystals on all sides. - - - - $50.00 
Smaller groups and single crystals of these Ame thy stine- tinte -d and 
Mareasite-enclosed Calcites, © - - - - $0.50 to $6.00 
RUTILATED QUARTZ, Mapaaascar. The finest series ever 
brought to this country, some slabs as large as 6 x 8 in.  - $3.00 to $40.90 
ORPIMENT, semi-crystallized, fine orange-yellow in color, more or 
less associated with Realgar, from anew locality, MAcEDonraA, 
$3.50 to $10.00 
RHODONITE, New Jersey, 1 ft. x 7in. The finest group on sale 
at present time, composed of a number of well terminated crystals 
of good color. - - - - - - - - $50.00 
Smaller crystallized groups, - - - - - $0.50 to $5.00 
SAGENITIC QUARTZ in great number and variety from Japan, 
containing Actinolite, Chlorite, ete. - - - $2.00 to $8.00 
DIOPTASE, Siert, large number, good color, good pane 
$2.50 to $14.00 
VIOLET APATITE, Grierenstern, Saxony. One unusual 
group of large, choice crystals, deep color, 4in. x 6in. - - $84.00 
Smaller but choice specimens, - - - - $1.00 to $6.00 
COBALTITE, Tun ABERG, Sw EDEN. A large series of various 


sizes and forms. - - - - $0.50 to $3.00 
VARISCITE, Urau, polished slices, of deep color. - $1.00 to $10.00 
GRIPHITE, Pennington County, South D: akota. sarge masses of 

pure material. - $0.25 to $1.00 


We make a specialty of METEORITES. [If you wish to pur- 
chase, or if you have METEORITES TO SELL OR CUT, write us. 


Send for our special Catalogue of Meteorites, 80 pp., 24 illustrations, 25 cents. 


Catalogue of Minerals, 168 pages, 25 Cents. 
Circulars sent on application, giving prices of the other 18 catalogues issued by us, 
MINERALS SENT ON APPROVAL. 


Ward’s Natural Science Establishment, 


18—28 COLLEGE AVE., ROCHESTER, N. Y. 
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WONDEREUL BROCHANTITES FROM UTAH! 


Groups of extraordinarily large, sharp, perfect, 
brilliant crystals of this beautiful mineral; a new 
find at Eureka, Tintic District, Utah. We have 
obtained the entire find, embracing unquestionably 
the finest specimens of this rare mineral ever found 
in this country if not in the world. $1.00 to $3.50. 

OLIVENITE FROM EUREKA, UTAH. 

The finest collection of American Olivenites ever 

brought together! Groups of large, stout, well- 
formed, prismatic crystals. 50c. to $3.50. 
Utahite in good sized specimens from the type locality. 50c. to $1.00. 


OTHER FINE TINTIC MINERALS JUST RECEIVED. 
Clinoclasite, a few marvelously fine specimens which we have for six 
years been endeavoring to secure and a few others more recently discovered. 


$1.00 to $10.00. 
Chenevixite, exceedingly rare. $1.00 to $6.00. 
Conichalcite, extra good; Jarosite; Tyrolite; Pharmacosiderite; 


Erinite. 
QUARTZ CRYSTALS ENCLOSING TOURMALINE. 


Good crystals of Quartz enclosing fine needles of greenish-black tourma- 
line, from Frisco, Utah. 10c. to 35c. 


' FINE TOPAZ ON MATRIX FROM UTAH. 
A small lot of extra fine matrix specimens and loose crystals from Thomas 
Mountain. 


STIBNITE GROUPS FROM CALIFORNIA. 


A very few exceedingly brilliant small groups of terminated crystals of 
Stibnite from California. 75c. to $1.50. 


OTHER RECENT ADDITIONS. 

Bright Greenish-Yellow Opal from Washington, lic. to $2.00. Crys- 
tallized Wurtzite from Missouri, 50c. to $2.00. Chalcopyrite in sharp 
tetrahedrons on Dolomite from Missouri, 50c. to $2.50. Molybdenite, 
good crystals on matrix of green pyroxene,(?) from Canada, 25c. to $5.00. 
Herkimer Co. Quartz Crystals of all sizes ant very finest quality, etc., 
ete. 

Just purchased as we go to press. All the best specimens in the well- 
known collection of Mrs. Marine J. Chase of Philadelphia. 

124 pp. Catalogue of Minerals (16th Edition), illustrated by 87 cuts, and 
describing every mineral, 25c. in paper, 50c. in cloth. 

44 pp. Illustrated Price Lists, 4c. 

Circulars free. 


GEO. L. ENGLISH & CO., Mineralogists. 
64 East 12th St., New York City. : 
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ERRATUM. 


In the paper by M. Carey Lea on the Color relations of atoms, ions and 
molecules published in the May number of this Journal, by an unfortunate mis- 
take on the part of the printer, the groups in the table on page 362 have been 
transposed so that groups three and four take the place of groups five and six 
and conversely. On page 361 the groups appear in their proper order, 
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